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PHKFA(M^: 


*V\u* c*Iiapt(*rs prrsrntiHi in tliis hnnk niv th(‘ rt^cord of an inv(‘sti^’n.tiv(^ 
Unit «»f tin* prinnipa! cynnidinK mills of Norlii Annnnca., takmi with tin* 
it!<‘a uf prosontin^ didaiind facds nianil thn pr(‘S(‘n( state* of t in* processs to 
thr roailors tjf flit* luiffinrrn'ng and Minifm Jaurndl, in vvliitdi poriodical 
thoy ha VO alroady iipponr(*d. Actual de*sc‘rif)tion has Ixa^n (‘onsieh'teal of 
li‘ss iniportanoo tluin disotission and oorndation of facts |ii:a,th(a*cMl from 
widfdy ttifTort‘n! plao«*s, tin* intt‘nti(m havinii; Ixam to pr(*s(*nt. fa,cts and 
pcrsciital opinions, olonrly imlioatml as su(‘h, in a form caloulateHl to 
inttirtii I ho pndVs.siun in gomaail and to promote* elis(‘ussie)ii re*speH*tin^‘ 
eltdail.s invedvitii^ tlive^rginiS prae’tie’e*. Some* pap;e's of t-he* elise‘ussie>n 
e'tiedtoi! have* lH*e‘n ine*hnloel as illuminating the* suhje‘e‘ts. 

thit* artirl<\ that const it ut ing tdiapte*r Ih has he*(*u inoludeHl that I 
e!id Hot write*. Althemgh I had visitcal and stuehexl the* plant. elis(*uss(*eh 
ami hatl f«jrnmlatt‘d a papt*r troatinp; e>f‘its int(*re‘sting points, th(*ele*- 
M’riptiiin ami oxplanalieat suhmitteHl by Mr. It. B. Watson, manag(‘re>f 
tin* Xipissing Miniri^ was use*eb a manage*!* he*ing me)re* the)re)Ughly 
fniiiilinr with hisen\n plant than anyeme* (‘Ise* e‘onld he*. Hejme* peants 
\\ldoh pnrthnilarly attraid tin* atte*ntion of tIn* outside*!*, henve*ve*r, W(‘re* 
nioiit iuue‘<t in my tlise*ussitm of tlie* suhje‘e*l, anel the*s(‘ are* tee be* fe)iuiel 
if liting C'hapte*r III, Those* peeints thorouglily e*ov(*re*el by Mr. 
Watson ha VO he‘t*n n’liieeveal from my artie'le*, wliie’h n!ake*s it senin'wluU. 
etisjointml, hut imy«»ne* roaeling tin* tweM*haptc‘rs will he* at ne! trouble* te) 
midorstnii<! tlio rofe‘ri*m’os. 

ldi<* e*rigiiml ifim*rnry tif this (e*olmiral jourin*y in<’luelc*d a visit. te)the* 
impeirtiint plants of Moxic»<u Imt the* oonditiem cd’ afTairs in that remnt.ry 
t ho trip wiiH midortakean madf* it ne*oe*sHary fe)r that, part to he* 
|itistpnii«*d until sm*h ti!!n* as tln*re* will be* more* to stiiely a.nel grc*Hte*r 
sfifoty in frnvolitig. 

Any l>om*fit whirh the* profewieni tnay eh'rive* from the* matt(*r pre*- 
soiif.otl is fee he* orealitod to Mr. Waite*!* Ht*ntem Ingalls, Iddit.or of the* 
Kfigifiri'tifiii am/ Mituntj to wlieKsc* <‘iu‘rgy a!id progre*ssive* 

spirit lilt* !tmli*rtaking is dm* 
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DETAILS OF CYANIDE PRACTICE 

CHAPTER I 

THE COBALT DISTRICT, ONTARIO 

The mining district of Cobalt in Ontario, Canada, is one of the 
newer areas in which economic mining has proved possible. In common 
with most new camps the first output was high-grade material, but it 
differs from many in the fact that the average content of the mineral 
has continued up to this time to be higher than is usually the case when 
work has been carried to the extent that it has here. The valuable 
metal is silver which occurs native and in combination. It is found 
as sulphide, arsenide, antimonide and in combination with manganese, 
nickel and cobalt. Small proportions of copper are also found in some 
of the ores and in at least one, the Nipissing, mercury has been definitely 
proved to exist. In regard to the latter many engineers are skeptical, 
having never encountered any indications of it even in the higher grade 
mineral but the work of the metallurgists who experimented upon the ores 
of the Nipissing mine has been sufficient for them to state positively that 
a small quantity of mercury does exist as a mercury-silver amalgam. 

Character of Ore. —The ores occur in narrow fissures in a country 
rock of fine-grained conglomerate, slate or diabase. They are all hard 
and tough and are not easily ground to a fine state. The experience 
of the camp has been that when the ores are ground extremely fine, even 
to a point where they will pass a 200-mesh screen, the product is largely 
granular and has the property of settling quickly, the light, flocculent 
product generally called true slime being conspicuous for its rarity. In 
addition to this, the mineral is extremely heavy, so that the difficulty 
of obtaining a product which may be treated as a tqtal slime is greater 
than is usually the case with silver ores. The power and care required 
to keep it in suspension is comparatively great. 

Most of the mills in the Cobalt camp are concentrators and due to 
the character of the mineral, which is favorable to concentration, good 
results have been obtained from this system of treatment. The silver 
occurs, as has been mentioned, in heavy minerals which give up a large 
percentage of their silver content on the concentrating table. Never¬ 
theless, the tailing discarded by the concentrating mills contains sufficient 
silver so that its extraction, or partial extraction, by cyanidation while 
the pulp is in motion through the mill, might be expected to repay more 
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than the additional expense of cyanide treatment. It is altogether likely 
that the average tailing from a concentrator treating 25- to 35-oz. ore 
will contain not less than five to eight ounces of silver per ton. Most 
of the operators will not admit that the tailing runs so high, but a con¬ 
sideration of the conditions, together with some frank conversation with 
operators leads me to believe that these figures do not overstate the case. 

If this is true, then cyanide treatment of the table tailing should be 
economical in view of the fact that most of the work has already been 
done on the ore and the additional cost of regrinding plus the cost of 
chemicals and labor would be more than met by the additional silver 
recovered. I have already said that the ore, even when finely ground, 
is difficult to agitate, but this does not conflict with the idea that cyanida- 
tion would be economical, because it is conceivable that the fine sand 
might be leached at a cost which would be less than that of agitating 
it. I am unable to discover that any exhaustive experiments have been 
carried out on leaching a concentrate tailing, but I do not know of any 
good reason why it would not be possible, particularly in those mills where 
concentration has already been installed. It may be true that a new mill 
designed for cyaniding the entire product would give the most economical 
result eventually, but that is no reason why mills now operating as con¬ 
centrators could not increase their profits by cyaniding the table tailing 
in some way. The analysis of the ores support this view in so far as show¬ 
ing that the higher grade ores contain most of the elements considered 
rebellious, while the lower gra4e ores are comparatively free from them, 
making cyanidation cheaper on the low-grade minerals. In the accom¬ 
panying table is presented a statement of the comparative content of the 
extraordinary elements in Cobalt ores of various grades, A representing 
the high-grade, B the medium-grade and C the low, or milling-grade ores. 


TYPICAL ANALYSES OF COBALT ORES OF DIFFERENT GRADES 



A 

B 

C 


4.51 

2.88 


Fe.^... 

2.34 

2.80 

7.00 

CaO. 

9.05 

10.00 

3.00 

AI 2 O 3 . 

1.42 

0.87 

15.00 

MgO. 

6.22 

7.13 


Ni. 

6.62 

8.78 


Co. 

7.11 

8.42 


As. 

29.88 

34.48 

0.50 

Ag. (oz. per ton). 

4786.1 

2014.00 

71.27 


Present Cyaniding Mills. —Four of the Cobalt companies have under¬ 
taken cyanidation in some form and degree. These are the Nipissing 
Mining Co., the Buffalo Mines Co., the Dominion Reduction Co. and 
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|m‘ i 1 hi* mill tn*:iis parf.ly by (‘oiu^iaiiraiion aiul piirtly 

y (aaiiiilalittii. Hii* on* is !*n>k(*ii throup:li crusher am! rolls and is 
nrtly rcgnmitd in a -speed i*hih^an mill, tlie (‘rushing and grinding 
eiiig dtuit* in watia*. The sliim* is sc^paraUHl, tiimkened in a Dorr 
liiekmcr iiml eumtidtsl in Ihiehiira funks, tin* sa,nd luring comicnirated 
I water. Tie* tailiitg is stacked and may he rt‘treated at sonic future 
,iiiie t h ffp* ^aiid rfy^roiiiid in tin* ehil(‘uu mill, (uily about 5 % is slimed, 
[ie t(*tal of ^liifte ryaitided being only 18 to 20% of tlic total 

rt* criislieil. riie ‘itlOniie'ilt product is ('onsidcauHl u-s slime and it is 
irgely a graiiiilar prodinU. there being V(»ry little^ (*olloid in it. 



M %\ UiW lUi v\T Tin*; 

1lii» ttiill tif till' thntiiiiiiiit fleductiiiii Chi., formcTly known as the 
Sriitiiid cri|:»^lies wifli atnitijm iti ryatiide solution, The mill was 
rrrled ftir ryiiiiliie ireiiliiieiit ali«tf% sttiiill allowiincH! being made for 
iiiieeiitriifiiiii, bill liiiidiig liitely eiiierecl the mislom-milling field it was 
iiiiiifi iiereM-Niiry to r«‘ciiiii4frtiti* the tiiill, due to the dilTercmt character 
I tire t4$ l.ie frtaifeih »««l tills ivofk k now in firogresH, a system of careful 
tiiireiitriitiiiii being iiilrrfioseil btd-weeii the grinding and eyanlding 
e|iiirttiirii!s. The rrgriiitliiig in this mill is done in tube mills. Under 
III* ’tyidrifi the fillip will be piisHed through a (Jallow screen 

dlfi ti Illb or |tbiiies!i wire etoili, the under si'/,e going to sand tables and 

* Tlir tillfieti is iltr >• til one tii.‘4ni m imt iiKHjriinrfUed and is known simply 

tlie I lilrieii iiiiiiic 

* Kiii- fiml ^liii Jiiiirii , Aiig, Ik 






trators it will be sent to a modified Dorr classifier where the sand will be 
drained and taken out, receiving a wash of cyanide solution in the classi¬ 
er, and will then be discarded. The slime, which carries the greater 
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part hI I III* \ »!r rHiitflit, will 1 h' ^uijjcclccl locyaniilatioii hy a^iiai'ion. 

Af IIm* n luill flu* or** i'- f'riHhc'd, and slaniptal, jigging* 

duiif* in wahT and '’•■Iaiiipiiiii; in sulutinii. !\A‘(‘rushin^' is doin' in 
Ilartliiiyt* <a»nir:il nitll-^, t '«aic»*iitralion is pra<*lis(‘d, lad to a. hsss (‘xt('id. 
than U'^iial in iho t ufiall ndllN, tlu» pulp rta'civin^’ only oiu' [)a.ssag(' ov('r 
tin* tain*'. ria* rt“4roiiiid pulp i> fnaitial as slinit', about. 75^^', of it. 
pas’-.iiig a ‘JiHlaitO'di mti'oil 

Nt^w Mill for Low-griicle Ores, d'ho Nipissinji!: fom[>a,ny ha.s undc'r 
a noil tur Iroatiiii*' its M»a*allt‘d low-iri'adi' oia'S widcdi assay 
from 2A l«» <>/. ^ihi*r |H-r fun. Idiis mill, which is sidnaiuh'd to Ix'gin 

upi-ratlullin \u\oinbi‘r of tin* prixait \‘(*ar, will lu‘ a, puri'ly (‘ya,nidinp; 
um\ til*' uiil\ \afiafi«j|i biani^ a ji|»'^iii|r of the (’rushi'd orc's. ddu* hij»;h- 
l^radt* ruck uill bf riimard mi a |nckiii|»* belt, and tliis, togc'tlu'r with th(‘ 
rich jti^ piudiai. will fir fnaalcd in the present hipjh-Ki'nclc' mill whi(‘h will 
be tiiaiiftatiieil in *tperaiium a'^ at |»n*senU for taking carc' of th(' hif^h- 
l^rmle liiiiie on* and the I'leh prodiiet oldaiiHHl by tlu' pickin|Ji; and jif>;^'infj; 
met In ft I Heis- udl !♦*• no euneenf rat ion. no tables or va’inm'rs ha,vin|»; 
been iiiebided ill tin* deanii of the mill. There will bc' MO stamps of 1500 
111. eaeli and tuur milis, * ‘JO ft. Dorr cMassifii'rs art' to IxMisi'd 

bn* reifsfiuity the •".and w liieli w ill be t ube milhal, the (‘ntirc' product. Ix'iu^* 
lr«*al«al Ih a.if,italloft a- 'diiina 7dm’alu’'t pnM'ipilation will lx‘ usc'd, tlu' 
•damlant \biril! t naimular pn--'' beii^x in^^talled to eolleet t he pr(‘eipitat(‘. 
TIii' Mninbii’d filler will be used for lilba'ini^; tin* la'siilm'. 

Hie m^itatnni lank", to be ii-ed havi* tlie flat bottoms and im'ehaniiad 
imilaiurs ii'tial!) etnplmed In fin' Butters enKiinaa's. TIu' tanks arc* 
tilled wilii fleeniitii''"* aitd Ir**alment will lx‘ by the int(Xiuittimt- or ehat’i^c' 
If i- ■ia.lia! tli:ii ihesi* aixitat<n*s, while' not pc'rb'ct, will pjivt' 
as tain be ubiaimit In tlie newer forms a.t (‘ost.s whicli are' 
e*ittir<*!> '"^afedatitit> ifi etiiiipari’'om It is notcnvortliy tfiat in tlx* fac(‘ 
Ilf the iiiurt' ffttitlerii tiirm- iif ii|*itator.s. for whieh fiiglna* (‘flicieux'y and 
hitter eien>. liuie beeii claimed, tlie older type of H|j;itatorH an' beinp; in- 
stiillei! ill llii'4 itiiiiler!i iiiill. and also tfiut in spite' of the* a,dvantaK(‘H 
eliiiltied lui roll!ifttioii'- proee>e,e^, the eduifKn systc*m will be' cmployc'd, 
iiiid all «el -ainiiinied in a budy of emgini'f'rs which, while' tiot* in~ 

fiillibiia C"* liilh I'litiipeitiit Pi wei^li tin* advantage's of all (Ma-sse's of 
niiiidiifimn ami maki* ti-e of ilie he^t. Tin* elilTe're'nc'e' of opinion is re'™ 
iiiitrkiiliie ami ■|i,oe='- to .•djow I bat m*itln*r form eif macliim*ry nor mc'thod 
hn> bi'cii able 111 deimnearafi* ui t-Iearly its supe'riorily as to make* it- 
arf’i-pti'd. It ^o'eiiin alnio'^^t e*ertain that one* or tin* otln*r of 
I wii iiiiiti”‘4 III iiiaeliiitefi, ifi'iniii e*f pfoeesse'S, must be tin' fx'tte'r, the* only 
expiaiialliiii ui the iar> iiig opiiiimis be*ing that dittVre'iit ore's must give* 
diilVreiil remlP wlnii iiaiitlled by the tliirere'id fn*<H*i*ss(*s. NeiUmr is 
tlii* Ilef^uiiitl lull fo be eliiiiiiiafeab teiT eiperators ae‘custome*d t-e) a 
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certain class of machinery and certain mcthu<ls of 'v-HvinK. -h. rmt re 
linquish them with facility, ami it is otf.m (lu‘ most .lilhcnlt tl.mg the 
world to convince an operator tliat there >s some i.etter way of doinjr 
things than the particular oiu' he is using. 

Primary-crushing Devices, -'rhe persistent use oi stamps lor re¬ 
ducing rock to various degrees of tim-ness is an example of the g.meral 
disinclination to dispense witli a form of mai'hinery uhieh has been in 
use a considerable length of time and wiiich. all things eon,si,|,.n«d. has 
given a vast amount of satisfactory stuvice. It is ditiieull to censuri' 
the profession for sticking to a device which has .s,.rved well, hut it is 
nevertheless true that circumstances alter esises. juid a macdiine ought 
to be considered in the light of the work it is exp<‘cted to do, When the 
primary object was to crush ore to a, point neee.ssary to lihiu-ate its mineral 
and make it susceptible to amalgamation, then the .slamp w.as a good 
medium to use. It did the work at one stt‘p, and had advantages for 
amalgamation. It made eompariitively little .slime, and thi.s was jin 
advantage, particularly in tlu' days when cyanidation waN iirst u.seii and 
leaching was the accepted praetice. 'I’he slime was a nuisance and was 
hard to handle and therefore any machine which produced a minimum 
of it was considered effic.ii'ul'. With th(‘advent o! the total slinie treat¬ 
ment it would seem likely that, some other machine might be uscii which 
would do the work of reducing ores to a fine .state tiuickcr and cheaper, 
it not being necessary to kc'cj) the production of slime down to a minimum. 

In spite of this circumstance, the stamp coidinU'-H to be the .stamlard 
machine for primary crushing, although there is little doubt but that 
some other form of machim^ would !>(> more eeotiomieal in us«-. 'I'hi.s con¬ 
dition exists all over the mining world .nml I’obalt \x no exi-eption. In 
preparing ores for cyanidation there is no other t»bj«*et but to eru.sh them 
to the required point, usually a total .slime, in the «niieke.sf ami eheapest 
way. Yet most mills use .sttunps for purpo.se and in ('obalt the stamji 
is used except in one instance, tla; BufTalo milt. ,\11 over the watrhi in¬ 
vestigations are being made on this detail and in .some easi-s the .stamps 
have been displaced with di.stinetly good ri'sulls. I think that if some 
trials were made on the dobalt ores these economies would be immilV.sletl 
there also. The Cobalt ores are luird, but not too hard to be eru.shed 
through rolls, and a stage crushing through erushers, rolls and tube mills 
would seem to indicate the most eeomunieiil method, ft is to be hoped 
that the system will be given thorough trials on the ores of the eanip for 
such a system would remove many v(‘xatious in addition to introducing 
economies. 

Regrinding the Ores. 'I'ube milks are u.scfl for regrinding in the 
majority of the rnills in the Cobalt camp, 'i’he Xipis.dng. new ami r.hi 
mills, the Dominion and the O’Brien mills liav(* in.sfaiiation.H of tliem 
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whil<‘ th<‘ HufTalo, as has aln^ady Ixuai imait.ioiied, ils(\s a lii^lKspeed 
chilaan mill. Tlaaa* is no data at hand for comparing the results of the 
two forms of nuudiines, hut it is probable, on this or(\, that the tube mill 
will giv(' more cousisbad. r(‘sults. The Ilardingc^ (tonical mill, as used 
at fhc‘ ()'Hri(‘u miib has not provtal to be aItog(d<her satisfactory. The 
mill is appartadly good as a granulator, laHlmang the rocdc to a stab' of 
mc'dium tint' sand witli (‘frn*lini(‘y, but it doi's not grind fim^ enough. 
In this ri'gard tlu' ordinary tube' mill is more satisfactory. It is possible 
to slinu' the' ro(‘k in the Hardinge^ mill, but to do so would reduce its 
capae’ity so far as to nanove it from considc'ratiou as an e(*onomi(*al 
matdiiiu'. It is possible' tliat the hardness of the on^ has something to do 
with tills result for, as has Ixam nu'ntioned, thc^ ore is extreanely difficult 
to slime. 

Methods of Agitation. Pa(‘hu(*a tanks arc', used gc'uc'rally for agita¬ 
tion c'xc'f'pt in ttu' ease's of thc^ Nipissing company, and at the Dominion 
mill wla'rc^'I'rc'iit agitators nrv at prc'sc'iit in use', dlie Paehuea tanks used 
in tlic» distric't art'somc'what modific'd, not eonforming ('xaetly with the 
standnial nhvH and proportions usc'd in Mc'xieo n.nd in the'. UnibnlState's, 
the* diflVnuK'c* lining Unit (h(*y an* not so high in proportion to tlu^ diarn- 
c'tc'f. Wliih* this rc'diiet's tin* eapaeity, thcTc^ is no c'tTc'et upon the agita¬ 
tion c'Xec'pt, pc'rhaps, that it rcH|uirc*s l(*ss powcT to aecannplish the dc'sirc'd 
rc'suli. d'he Ihirrnl type* of agitator is to have*, a trial in the camp at the* 
new high-grade mill of the* BulTalo company, now unclear eonstruetion. 
This plant, wliieh is, in the* main, similar to the corrc'sponding plant of 
the Xipissiiig eaiinpany, c'ontains some* dc'tails which are consideweul to be 
improve*me*niH and will be* rc‘f«*rrc*{l to lab*r. In view of the* fact that it 
liiiH lifs'u eliflicult for m<*tallurgists to agrc'c* upon the most satisfactory 
lank for agitation, it will be* inb‘re*sting to leaver a comparative (exhibition 
of the three* tdasMe'S, Pachu<*a, Parral and mendianical, at work in the same 
e*anip and upon the* same matc*riab It is to lie* hopc'd that full dedails of 
the* re'siitts veill In* obtainable*. 

Use of Chemicals. Lime in some* form is uHe*d at all the cyanide mills 
in the* camp. At the Ddlrie*n mill the* dry lime is adde*d in the batteries 
ami in addition (*auHtie soda is usc'd in the solutions, (hiustic soda is 
not usually «*onsielert*d a good agent to use^ for se^eiuring alkalinity as it 
temis towarel diHsolving Homc% compounds whicli would be l)eTtew left 
iintomdieeb There are, liowe,we*r, some cases whc're its use is justific’.d 
in spite of its e'hemicnl conduct and its cost. The alkalinity at the 
OMIrien is carrie*d at R lb. in teauns of NaOH. At tlie Dominion mill dry 
lime is adetiHl to the* ore* genng ie^ the* mill at the^ rate of al)Out 6 or 7 lb. 
pi*r ton. The* lime is in fine* himps, not powdcTOcl, as it is ele*,Hire*d to take 
lid vantage* of the iitkalinify dev(*lop(*d ly thei slow solution of the lumps. 

At the IlulTfilo mill lime is acld(*d in powdered form to the treatm(3nt 
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tanks at the rate of 7 to S II.. iht (on of <lry 'I''"' 

lime to the treatment tanks in tl.is ease is due (u the taet that the pulp 

here meets the cyanide solution for the first time, the preeeduiK opera> 

tions being carried out in watc'r. . „ ■ i 

It will be noted that there is a great (hail ol ditler.mee in t he manner ot 
using lime in this district, (wery operator having some special ideas ol 
the most efficient way. Naturally, ih.‘ lime will be used m the way whiel. 
seems to be best adapted to ('aeli imrlieiilar ore, hut in thus (-iise the use ol 
it typifies the state of cyaniih' i.raet ie(‘ in t he (list riel. 11 is as ytu uii'.et - 

tied, and the best methods for (‘conomieal r('SuHs have not yet been deii- 
nitely determined. 

The use of lead salts is varicsl and spasmodie. There M-nns tn In* im 
definite information, as to wludlus* or utd tla^v are reqtiiri'd aial thrir 
even in the same mill, is not systcanati/.ed. Tlw gein*riil fianltaiey 
seems to be to dispense with tluar use. At the HutTnlu mill it is elfiimed 
that there is no noticeable differeiua* in results wheth<*r the lead are 

used or not, and the same is true* at the Oliricai mil!. Solulitiii amilysi*- 
at the O’Brien have convimasl thc‘ optaafors that iht* sitlplitir, ^Uiirh 
exists in appreciable (piantity in solution, is in t tie term of stilphoeviiiiitie 
This would indicate that tlu‘ soluble* sulphh!e‘s, whhdi are tmiliiiil»led!> 
first formed, have beeui transfonuesl by nedion of the metal ideiitentN 
extracted from the ore and suhs(*e|ue‘ntly liy the* eyaniele stdiitiiiiiN thein 
selves. If this is true it shows that a portion of theeyanide is reiinnoni 
from its primary object of dissolving silvtu* and is I its! up with the Niiifihiir 
forming a compound whicdi, while* having a 1*011 aiii Holveiif 
upon silver, would certainly not luMiittmlioiuilly formed for siirli pur 
pose. It wbuld apparently lu* more <‘eonomieaI to nanove the siilplitir 
definitely from the solution, if possible*, l<‘aving the c*yfiiiides fna* In eiirry 
out their designed function. Ills probably trui‘that tfieChibiilt iiri‘seiirr> 
elements which themselves form insolulde sulphides with the dismitveit 
sulphur and remove them, at h‘ast partially, from the Hoiutiiiiis, 

The consumption of eyanidi* is mueh tin* same in all ftie mills. lrn\- 
ing out, of course, the Nipissing high-grade mill. wlii«*h is not to be eon 
sidered with the mills treating lurgi* cpuintitieH of lower griiih* ores, 
From 3 to G lb. of K(^N per ton of ore treate<l is the liveriige etui 
sumption, when treating ores running from 2tl to :io o/,. of Hihmr. At 
the O’Brien mill the consumption for tin* year l!H 1 wan A lb. Kl 'X per 
ton of ore treated, while for tlic* prc*s(mt year the records up to date show 
a consumption of 3.8 lb. per tom At the BufTalo and Domiiikm rnWh 
the consumption will average about tin* same ami at the Xipissifin high 
grade mill the figures an* r(*servc*d from piiblieation, but the coiisimife- 
tion is probably high. 

Metal Recoveries- -''I''tu* ....... ....... ........ r 10. 


THE COBALT DISTRICT, ONTARIO 


9 


a great deal in the different mills of the camp. From 80 to 90% is about 
the saving that is attained by cyanidation, except in the Nipissing mill. 
In the latter a saving is made by amalgamation of 97 % and in the subse¬ 
quent cyanidation a small additional saving is made. The head content 
of silver at this mill runs about 2500 oz. silver and the tailing is said to be 
as low as 20 to 30 oz. per ton. The extraordinary percentage of extraction 
is, of course, accounted for by the richness of the ore treated. At the 
O'Brien mill concentration and cyanidation reduce 20-oz. heads to a 
tailing which averages 1 to 1.5 oz. per ton in silver. At the Buffalo mill 
where only the slime is cyanided the extraction on the material is from 
80 to 85 %, but this is by the cyanide treatment alone and no comparisons 
can be made between this result and the results obtained at the other 
mills in the district. At the Dominion mill no extraction results are 
obtainable at this time due to the fact that a change of method is being 
made, and while the mill is actually in operation, the newer method is 
not yet fully installed and no statement can be made. 

It is generally conceded that the percentage extraction depends largely 
upon the fineness to which the ore is ground, the finer grinding giving a 
better recovery of metal than the coarser. This is to be expected in view 
of the density of the ore which does not permit penetration of the cyanide 
solutions into the ore particles and requires extreme subdivision in order 
to expose the maximum amount of the silver to the action of solutions. 

Temperature has also a great effect upon extractions. In the winter 
season the cold solutions lower extractions to a large extent and it is often 
necessary to warm the solutions in order to obtain normal results. At 
the Buffalo mill steam coils are placed in the treatment tanks in order to 
bring the solutions up to normal efficiency. In this case the warming is 
particularly necessary, for there is a constant introduction of cold water 
into the treatment circulation from the grinding department. At other 
mills where the circulation is entirely cyanide solution, a thorough heating 
of the mill during the winter season suffices to keep the solutions active. 

Precipitation Systems. —The precipitant most favored is zinc dust 
which will ultimately be used in practically all the mills. At the Buffalo 
mill the precipitation is at present by zinc shavings, three wooden boxes 
of the ordinary type being used. At the Dominion mill zinc dust is used 
and the regular Merrill triangular fiilter press is installed for collecting the 
precipitate. The consumption is in this case of zinc to one of silver 
precipitated, by weight. At the new mill of the Nipissing company the 
same process will be used and the resultant precipitate will be sent to the 
refinery of the high-grade mill which has already been described. 

At the O'Brien mill the process is the same mechanically, but zinc 
dust is replaced by aluminum powder. It is stated that the aluminum 
powder will precipitate three times its weight of silver and has a lesser 
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fouling effect upon the solutions. The claim is also made that the result¬ 
ing precipitate may be melted in the ordinary oil-fired tilting furnace 
without any flux, giving a bullion of high purity. The cost of the alumi¬ 
num dust, which is 32c. per lb., compared with the cost of zinc, about 7c. 
per lb., does not indicate any appreciable economy in the use of aluminum 
even with its increased efficiency, unless there are some advantages not 
clearly understood. It is probable that further experiments will be made 
on the use of this material so that.some definite facts may become known 
and comparisons established with the results accomplished with zinc dust. 

Vacuum^ Filtration.—Vacuum filters are at present in use in all the 
mills, the Butters and Moore types being the ones preferred. At the 
Nipissing, both the high-grade mill and the new low-grade mill are 
equipped with Butters filters of the standard type. The Dominion mill 
has a Moore filter as has also the O’Brien mill. In all these mills a 
high efficiency is claimed for the filters in washing out dissolved silver, 
but from the looks of the installations it is rather difficult to understand 
how high efficiencies can be claimed on any of them. The great weight 
of the pulp and its granular condition make it necessary that the filter 
tank be equipped with air lifts in order to keep the solids in suspension, 
and a rather violent action is necessary to do the work. The filters cannot 
be operated at all without the air lifts as the heavy solids would settle 
immediately making operation impossible. From the nature of the or(‘ 
and the condition of the filters in the Cobalt camp I should think that 
pressure filters would be likely to give much better results than those 
operated on the vacuum system. Pressure systems, like the Merrill, 
would take a definite quantity of pulp and make a fairly homogeneous 
^ cake at once, and would tend toward a condition which would facilitate 
proper washing of the cake. With the vacuum filters some segregation 
must naturally take place, and a filter cake which is not homogeneous 
cannot be washed perfectly. The pressure filter would, in my opinion, 
be a decided improvement over vacuum systems in the Cobalt camp, due 
to the weight and granular character of the solids in the pulp treated. 

Cost of Operations.—The cost of treatment in the Cobalt camp is not 
obtainable in the majority of cases, due to the fact that some of the mills 
are treating custom ores and consequently do not care to make public 
that essential part of the business. It may be stated that the treatment 
of the mill or low-grade ores costs from $2.50 to $4.50 per ton. This 
seems to be a rather wide variation of cost on ore which is practically 
identical and which is treated on more or less the same scale. The varia¬ 
tion is wide indeed, but, as has already been mentioned, there are so many 
different ideas and so many different methods in use in the camp that 
there is bound to be a variation in cost. Probably the cost for cyanida- 
tion is less at the Buffalo mill because of the small extent and simplicity 
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eatment, most' of t for nnluctiou made a^-ainst* i be 

‘atioii dcparinuad*. At- t.lu' Buffaio, Uh^ (‘ost may be said t.o B<‘ 
iQ lower figur(‘ ^ivcai, whil(‘ aX i\w olhvr two mills eosis varyin^^ at 
. the higher figun^ may Ix' t:a,k('n as r(‘|)r(\s(aiiiug thi' a,V(‘rag<‘. At 
ssing no costs at nil ar(‘ divulg(xl, but tJu^ rc^porti of th(‘ company 
ear 1911 shows that. th(^ cost, ixa- oumx^ of silvca’ at. th(‘ lngh"g:ra.de 
? At. this ratCj consid('riug tlu^ a,V(‘ra.g(‘ orc' t.iaaiXtal as 

2500 oz. pm' t.on, tlu' (‘ost pc'r t-on of t.r('at.m(‘nt would b(‘ $28.50, 
amis to b(' a, fair a.v(a*ag(^ figure^ for an op(a'at.ion of t.his sort. It 
cely that tlu' majority of this (*ost. consists of cyanide^ consiumal and 
lost, the otlaa charg(‘s Ixang of compara,tiv('ly U'ss import aina^. 
cost of matm'ial at. (h>balt is ai)out as follows: (\ya.uid(^ (Kt ’N 
lly used) ITu*. p(‘r lb.; zinc; dust. (90<’;;, metallic* zim*) 0.5 to 7(*- per 
l)les (importcxl) $20 pea* ton. Powca- va,ri(\s souuavhat. in (‘ost, 
nal contracts lading made* on a, basis of $50 pea* liors(*pow(‘r"“y<‘ar, 
‘ontracts now b(*iug made' arc* at the* rate* of one* (‘cmt p(*r kilowat t 
. 0 ; I undcu'siand, to a clumgt* iti the* })olicy of the* pow(*r compauiii's 
Tve the district.. cost itcans in gcaua-al arc* not (*xc(‘ssivc^ and 

ould be done* a.t r(*asonabl(‘ c'ost. 

do High-grade Mill. Tlic* Buffalo company is (*r(‘c.ting a. stnall 
reat its high-grade* mine* produc't. a.nd conc‘C‘ntrat.c*s, similar U) the* 
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installation at the Nipissing*. The (liffcnTiicies arc that th (3 tube mill is 
larger, 5|X22 ft.; the agitation will be performed in. tanks of the Par- 
ral type; a eonecmtrator with a eoppc'r top will be installed over which th(‘ 
pulp will be passed after amalgamation in order to recover any flour(Hl 
quicksilver, and filtration will be pc^rformed in a large Perrin plate-and- 
frame filter pr(\ss having a (capacity of al)out 20 tons of dry solids. Refin¬ 
ing will b(3 perfornuHl as at the Nipissing, in a reverberatory furnace, 
which, by courtesy of 11. (1. S. Anderson, superintend(mt of the Buffalo 
mill I am abh^ to prc'scmt in (Retail in the ac(a)mpanying drawing. The 
system seems to b(3 w('ll adaptc'd for this class of work and it is not im¬ 
possible that its us(‘ might 1x3 profitabl}^ extemhxl to other cyaniding 
installations. 

Future Development. - Th(3 (hd.ails of cyanidation of the (k)balt 
ores have not yet been d(‘finitt‘ly s(Ttled and the metallurgy is in a stat(‘ of 
evolution such that little is really known. TIutc^ have beam few points 
definitely settled and I (^xp('ct to s(X3 most of th(3 mills mak(3 radical 
changes before settling down to routine work. Many nud.luxls are in 
use which do not s(xan altog('th(‘r suitcxl to t.lu' (conditions and it is likdy 
that th(\se will b(^ gradually changcxl as some' systems prove tlncir supeu- 
iority. R(\sults obt-aincnl in ('xtrad/ion ar(‘ not y('t rc^iabh^, as most of 
tlucm are bas(xl on (‘si,imat(‘H, and tluc sanxe is truc^ of (costs, whi(cli ar(3 so 
van(3d and ind(dinitc‘ as to bt‘ not suitabUc for (comparison. Tlucre ar(c 
many skillful metalhirgists at. work in tine distri(ct who may be r(3li(cd u])on 
to work out the pr()C('ss(\s in time and I hav(‘ no doubt that the district 
will reach a state of st^tthxl and satisfaet.ory cyanidation after time has 
b(cen given to allow the probhuns, which ar(‘ many atid difficult, to be 
workcxl out. 



CHAPTER II 

NIPISSING HIGH-GRADE MILL, COBALT 

The high-grade ores of the Cobalt district consist mainly of the arsen¬ 
ides of cobalt and nickel in a calcite gangue with a large quantity of 
silver in the metallic state. A typical ore carries 10% silver, 9% cobalt,. 
6% nickel and 39% arsenic; the rest is lime, silica and smaller amounts of 
antimony, iron, sulphur, tellurium, etc. 

Ore Character.—The complex nature of the ore and its high content 
in arsenic make it an undesirable ore for the ordinary custom smelter. 



NIPISSING HIGH-GRADE MILL. 


who is compelled to charge a high price for its reduction. The general 
practice is to smelt in a blast furnace where a large part of the silver is 
recovered at once as base bullion; the resulting speiss is roasted and 
treated in the wet way for the recovery of the cobalt, nickel and the rest 
of the silver. This process is slow; the necessary plant costs several 
hundred thousand dollars, and a large working capital must be available 
to carry on the business. 

Another serious problem in shipping to a smelter was the difficulty in 
obtaining a fair sample of the ore. This is always a tender point when a 
mine is marketing ore, but when the ore carries several thousand ounces of 
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silv(‘r [K'r L)ii luid Mu‘ silvi^r occurs in Uu^ nu‘iallic. state', ran^*inj>; in size 
from the' snialh'st pactiedc's up to nu^^e'ts tlu^ size^ of oner's hand, the difli- 
culty of sampling is ('iiormously incrcaseal. 

(Jnait improve'UK'ut, howe've'r, has been made in this part of the ma,r- 
k('ting by tlic' building of tlu' Campbell &. De'ye'll custom sam[)ling works 
a,t Co])a,lt, wluaa' lJu' ore' is cruslu'd in a ball mill fitted with 10- to 20- 
nu'sh scr('('ns. All m('talli(*s (‘oarsc'r than this mesh remain in tlu' mill aiid 
are subseepu'iitly reutioved and me'lted down to bullion. The ])ulp 
can them b(^ saanph'd with a reasonal)le (k'grc'e of accuracy. 

The markctfmg ('xpe'use' is made' up e)f smelter ele'duction, tre'atme'nt, 
fre'ight, assaying, re'pre‘se*utation at snu'ltery, edc. On 23 carle)ads of ena' 
ave'raging 25()0 e)z. pc'r ton, the' markc'ting ('xpense was 5.57% of the^ gross 
value' (with silve'r at 00 e*. pe'i* e)z.) or $83.55 per te)n. In adelitie)n te) 
the' above' elirc'e't e'harge', l.lu're' is a le)ss e)f inte're'st from the' elate' e)f ship- 
me'ut te) tJu' elate' e)f paynu'ut, whicli avc'rage's ()5 elays e)n shii)me'nts te) 
(kuuielian sitie'lt.e'rs, and all ore' is se'title'el fe)r on thei ea)mme're*ial asstiy, 
which is abe)ut 1% lowe'r t.han the' act.ual assay e)n this grade e)f e)re'. 

As t he' large,‘st pre)due*<'r in the' elistried., the' Nipissing Mining (k)., Ltel., 
hael b('('n trying for sc've'ral yc'ars te) find a simple' pre)C('ss by whiedi ite' 
high-graele' e)re'S e*e)ulel be' t re'at.c'el ali tlie' mine' withe)ut going t'O tlu' hirgs 
e'xpe'use' e)!’ buileling the' eisual sme*ltcry. Te) this e'uel a gre'ad ma,ny [)roev 
(‘sse's had be'e'U inve'stigate*d and out' small e'xpe'rime'ntal plant was 
built.; the' trouble' wit.h ine)st e)f t.he pre)e'e'sse's is the^ ce)mplie*at.ie)n e)f the^ 
e)p('ratie)ns and the* ce)nse'eju(')it tying up e)f a larger amount of i!ie)nc'y. 

An Original Process. It re'maine'el te) (duirle's Butte'rs anel 0, IL 
(de‘ve*nge‘r, finally to work e)ut a prex'e'ss which pre)itns('d te) be' se) sim])le‘ 
anel e'lTe'C't-ive' that the' Nipissing ea)mpany eleciele'.el to build the^ ne'ce^ssary 
plant at e)n(‘(‘, Jame's Johnston de'signe'd anel e*e)nstruct('el thcplant 
whie'Ji we'ut inte) e)pe‘ra,tion Fe'bruary, 1911, anel has run sueua'ssfully eve.'r 
sine*e'. 

Tlie^ high-graele' e>re‘ from the^ pi<*kitig tablets is ele'live'reul to the sampling 
I)lant at the' te)p e)f the', mill wlu're^ it is put thre)ugh a 9X 15-in. IRake^ 
cruslieu* anel e'le'vate'd te) a stexd rex'xuving bin. Fre)m this it is led aute)- 
matieudly inte) a Ne). 3 0-ft. Krupp hall mill carrying 1000 lb. of stead balls 
anel fitte'el with 20-m('sli se'rea'iis. ddie^ me'ta.llie*.s e)r silvew neigged.s which 
will not pass the^ se'rc'c'u are) re'move'el p(‘rie)elically l)y taking off a sesre'on, 
anel are^ me'lte'el elown in tlie) redinc*ry. Fre)m the' ball mill tlie pulp is 
ele)livercel by a spiral fc'e'el te) a Ve'zin sainpk'r anel edevate'.el te) twe) 00-ton 
ste'e'l ste)rage) tanks, fre)m whie'h it is drawn as ne'eale'el fe)r treatment in the) 
mill. 

The) main ope'ratie)n ee)nsists e)f amalgamating the silve)r in a 5% 
cyaniek' se)lutie)n while the' 20-me'sh material is being gre)unel in a tube) mill. 
The mill use*el is a Krupp mill 3 ft. 11 in. in (liame'te)r anel 19 ft. 8 in. long, 
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fitted with silexdiners and run at 37 r.p.m. The weight of ore per charge 
depends somewhat on the silver content, but with 2500-oz. ore the ordi¬ 
nary tube-mill charge is 6500 lb. of ore; 8500 lb. of mercury; 3800 lb. of 
cyanide solution, and six tons of pebbles. 

The materials are charged through a manhole on the top of the mill, 
and after the cover has been replaced the mill is revolved for 9| hr., 
when 99% of the pulp will pass a 200-mesh screen. This fine grinding is 
necessary to liberate the fine particles of silver and permit of complete 
amalgamation. A screen analysis of the final tailing shows that the 
coarser particles are much richer than the slime; this is also shown by the 
accompanying screen tests on ore crushed through a 10-mesh screen. 

It was found advantageous to have a certain quantity of silver go into 
solution in the cyanide, and to this end more air had to be supplied to the 
charge. 

Each gudgeon of the mill is fitted with a stufiBlng box through which 
passes a heavy cast-iron pipe, four inches outside diameter, with a 1|- 
in. hole through the center. The casting is held stationary by bolts to 


GRADING ANALYSIS OF NIPISSING ORE CRUSHED THROUGH 10-MESH 


Mesh 


+ 20 . 
+ 40. 
-h 60. 
+ 80. 
+ 100 . 
+ 120 . 
+ 150. 
+ 200 . 
~ 200 . 


Percentage 

Silver oz 

by weight 

per ton 

12.7 

6837 

26.2 

3375 

11.6 

2330 

6.3 

1954 

6.3 

1654 

2.7 

1348 

1.3 

1182 

3.8 

1202 

29.1 

706 


the concrete foundation, and the mill revolves about the pipe. Com¬ 
pressed air under 25 lb. pressure is introduced through one of the hollow 
castings. At the outlet end there is a right-angle turn in the hollow 
casting just inside the mill and the upper end reaches to within § in. 
of the lining. The heavy cast-iron elbow, therefore, remains stationary, 
the inside leg stands vertical, and the upper end remains above the level 
of the charge at all times, allowing the compressed air to escape while the 
mill is in motion. The casting is heavy enough to withstand the batter¬ 
ing of the pebbles falling against it. This arrangement allows the mill to 
be filled well above the center with a consequent decrease in the power 
used, but it is found that the best results are obtained by filling the 
mill to a point two inches above the center. 

Handling the Tube-mill Product.—At the end of the grinding period 
the three manhole covers are replaced by coarse screens and the mill is 
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turiUHl ov(‘r; tlu' (*harg(' (alls iuiio a, sluH^t-iron hopper whi(*.h chdivers it 
into an all-iron schth'r, ('i^ht {V('t in dianietca*, fitted witli wooden shoes. 
Tlie tube mill is t-lnai waslunl out twi(*(‘ by rcwolvin^ it with a, ton of solu¬ 
tion and IhOO lb. ol nier(*ury. These' wa,sh(\s a.re adeh'd to the eharo-e and 
the settler filled with solution; the (*liarp;(' is k('pt in a)G!;itation by the mu’- 
ler while the ama.lKa,ni is drawn off into an iron (^('an-up pan, and from 
then^ into (*anvas a.ma,l^'a.m filtcTs, of whi(*h tlu're' a,re' 24, e'aeh holeling 400 
lb. of amalgam. The' pulp is gra,dually run e)ui. e)f the^ sedth'r by drawing 
the te)p plug, the' bahuHH' e)f the' e'harge' be'ing wa,she'el t.wiee with solution. 
Whe'ii the fle)W e)f anudgam has e*e'ase'el, the' me're'ury, as it elrains out of 
the eanvas filte'rs, is pumpe'd bae*k te) the' se't th'r to wash out any remaining 
amalgam. The' hotte)m plug is finall}" elrawn anel the balanee e)f the pulp 
dise'harge'eh It re'epure's twe) hours te) elump the' e'harge^ anel get the^ amal¬ 
gam inte) the' filte'rs. 

It was se)e>n feiunel that the' a,malga,m must be ke'pt e'xeen'elingly thin, 
othe'rwise it we)ulel sth*k iti the' tid)e' mill anel e'ake uneh'r the' mulh'r of the' 
setth'r; he‘ne*e' the' me'remry use'el is Ih time's the we'ight e)f the silve^r in the 
ore'. Afte'r elraining in the' sae-ks, the' a.malgam still e*arri('s 78% me'rc'.ury. 
The re'markable^ part, ahout the' whe)le' proee'ss is that 07% to 08% of 
the total silve'i* in the' e)re' yie'lds te) aixudgamatie)n in the' tube mill. An 
e)re assaying 2500 oz. pe'r t,e)n is reulue'e'el i.e) 50 te) 75 oz. per te)n when it 
le'ave's the se'tth'r. 

The Role of Cyanide. The' eyaniele) treatment of the^ pulp whiedi 
follows is e*e)mpanitive'ly unimpe)ri,ant as it eh'als e)nly with six or seven tons 
of 50-()Z. e)re' elaily. ddu're' are' fe)ur I{)X7“ft. we)ode'n tanks for the ee)l- 
leudion anel trc'at-ttie'iit e)f the' pulp, anel the neea'ssary tanks fe>r ste)rage of 
se)lution anel wahe'r. A e*harg(‘ for agitath)n is maeh) up e)f fe)ur tube'-mill 
charge's e)r 13 te)ns e)f elry pulp. Mve^ pe)muls of lime^ pea* elry teai e)f pulp 
are adeleel anel tlie' e*harg(‘ is agitate'el for 3() hr.; the tanks are fitte'd with 
nmchanieal agitate)rs, anel the' pulp is eireulate'd thre)ugh a ])ump as we'll. 
The cyanide' stre'ugth is 0.75 pe'r ec*nt. 

Afte'r se'ttling, the* solution is ele'ea.nt('el, anel the pulp, having a spe'cifie 
gravity e)f 2, is run te) a Butte*rs filtc'r e)f 10 Ic'ave's. Tlie^ speu'.ifie gravity of 
the e)re^ is (>, and t.o ave)id the* se'ttling of the* pulp in the botte)m e)f the filter 
be)x whiles the* cake* is fortning, the^ charges is ke*pt in edre'ulation by an 
air lift drawing out e)f the* bottom of the^ box and elelive^ing at the top. 
The^ eake^ is waslued 2 1/2 hr. witli wemk solution anel then eliseharge'el. 
The^ arse'uieh's e)f e'obalt anel nieke'l ge) thremgh the^ pre)e*eiss jiraetieally 
unc'hange'el; the^ resiehu' for the', first seven months e)f this ye'ar containe'el 
9% cobalt anel 4.5^;/ nie'ke'l. 

Analysis of Ore. The' ceimph'X natures eif this re^sielue is shown by the 
following analysis by Jeihnsein & Sons em some e)f last yearks product: 
Nickel, 9.72%; cobalt, 5.85%; iron, 2.58%; antimony, 3.80%; bis- 
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muth, 0.09%; copper, 0.06%; tellurium, 1.39%; arsenic, 29.50%; sul¬ 
phur, 1.59%; silica, 11.44%; lime, 8.'63%; magnesia, 2.91%; carbonic 
acid, 13.55%; combined water, 5.74%; mercury, alkali, oxygen, gold and 
silver, traces of zinc, tin and manganese, 3.15%. Determinations of 
mercury consumption indicated the presence of mercury in the ore itself. 
Investigation along this line showed that the ordinary high-grade ore of 
the district usually carries from two to five pounds of mercury per ton of 
ore, depending upon the amount of metallics contained. Tests were then 
made on the metallics alone; 21 samples of metallics taken from various 
Nipissing veins and from three other mines, showed mercury in every case; 
the result varied from eight to 95 lb. mercury per ton of metallics and 
averaged 35 pounds. 

The presence of mercury in the metallics was proved on a large scale 
when the refinery was built; the first charge melted down in the rever¬ 
beratory when the furnace and fiues were clean, was a ton of metallics. A 
small bottle full of mercury was taken from the condenser and globules of 
mercury could be plainly seen through the flue dust. 

Method of Precipitation.—There are two zinc precipitation boxes, 
one for strong and one for weak solution. The precipitate from both 
boxes goes to an 18-in. Johnson filter press with 12 frames; the press 
holds 500 lb. of precipitate which assays 15,000 oz. silver per ton. The 
product of the cyanide plant amounts to 8000 to 10,000 oz. silver per 
month. 

The solution going to the zinc box carries 14 oz. silver per ton, 0.028% 
mercury and 0.6% zinc. By passing through the box the mercury in 
solution is reduced to 0.015%, so it is necessary to retort the precipitate to 
recover the mercury. As no solution is thrown away, it has become very 
foul; after passing through the zinc box it runs to a storage tank in the 
bottom of which a precipitate collects. An analysis of this precipitate 
follows: Silver, 0.394%; mercury, 2.51%; antimony, 3.30%; sulphur, 
16.13%; arsenic, 32.64%; silica, 5.362%; zinc, 2.257%; iron, 5.04%; 
nickel, 9.06%; cobalt, 7.03%; lime, 9.24%; carbon dioxide, 7.259%; 
manganese, trace. 

The sacks of amalgam are hoisted into a car with a cast-iron body, 
weighed and taken to the refinery which adjoins, but is separate from the 
mill building. There are six 14 X 60-in. retorts mounted in batteries of 
two. They are fired by oil, and the waste gases are conducted through 
a condenser before discharging them; this is to catch any mercury which 
might get into the flue on account of a cracked retort. 

The retorts are filled three-quarters full of amalgam, fired for nine 
hours, and allowed to cool for six hours. The resulting sponge and 
mercury are weighed and compared with the weight of amalgam put in 
the retort; a cracked retort will sometimes be detected by the loss in 
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wluMi it hius not Ixuni noticunl by the man in charpjo. The sponge 
is 79% silvci'; tlu^ ini])urif.i(‘s tivo mainly arsenic, cobalt, nickel, antimony 
and bismnth. 

' Th(^ avc‘ra.g(‘ lilV of a rc'torti is 34 charges. As soon as the slightest 
crack a})p('ars Gu‘ r(4,ort must b(^ discarded at once. Occasionally a 
rc'tort will br(‘ak on i\w first firing, and r(4-orts have been received which 
would not hold nKxxairy wluai (*old. Various grades of iron have been 
tried l)ut i lu' nuik(Ts !uiv(' not succet'ded in turning out a cast-iron retort 



HtlNNlNCJ THK HILVKU lOtOM FtatNACMO INTO MOLDS. 

whi(4i will sf.aud up to tlu‘ hard atid continuous work rcxpiired. A soft 
gray iron, low in phosphorus, givers the Ix^st results. 

R(‘C(‘ntly a, (*ast-st(H4 rc'tort was instalhal; it is still in good condition 
aftc^r having Ixam fircal 82 timers. A sp(H*ially rnadc^ wrought-iron r(‘tort 
with sid(*s 3/8 in, thick is now on order; this will be slipped into a 
cast-iron cylinder* wliich will take tin* W(*ight of th(^ charges and bear th(^ 
brunt of the firing. 

Melting of the Sponge. Th(‘ spongi^ from thc^ red-orts is melted down 
in a rev(^rb(!ratory furnace^ in chargc\s (containing 28,000 oz. of lacfirucd 
silver. The* lic*arth is stationary and is made of brick contained in an 
iron pan, 5 ft.^XS ft. 6 in., supportiKl on rails. Heat is supplied by two 
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CLEANUP PAN AND AMALGAM SACKS. CHARGING THE RETORTS. 
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oil burners; the waste g-ases pass first through a s('ri(‘s of dust. (*hamh(‘rs, 
then through two iron pipes 3 X27 ft. and to a fan whi(‘h (‘xhausts into tlu^ 
stack. Sprays of watta* are introduced into tlu^ last dust (‘hamlxa’ and 
into the first iron pipe, the ol)j(‘ct being to cool the gas(\s a,nd (‘ondcaisc^ 
any mercury that is drivcai off in melting the spong(‘, or i.hai. (‘oiu(‘s from 
a leaky retort. 

As soon as the (*harge in the rcnaa-bea-ai-ory is nu'lUxl, a.ir undca* 15 lb. 
pressure is blown on th(‘ surface' through two iron pifX'S introduexxl a,t (h<' 
back of the furnace, dlu' oxides of (‘obalt, nicke'l and tlu' ot h(‘r iinpuriti(‘s 
rapidly rise^ to tlu^ surfaex'. and are sea-apexl oil through tlu^ (‘barging door. 
No flux of any kind is adeUxL Tlie air blown on tiu' surfa,(‘.<^ of tlu' nu'i-al 
has been Iwabnl by carrying tlui pipe through dust cluimlx'rs; tliis 
materially shortens tlu^ ope'ration which usually tak(‘s IS i,o 20 hr. Aftex* 
the surface of the metal has Ix'come^ mirror-like ii, must stall Ix' blown s(‘V- 
oral hours to (‘xpc'l thc^ last trace's of impurith's. 

Dip sample's a.r(' take'n and wlu'u the' bath is 91)9 fine' the' air is simi ofT 
and the me'tal is cove'rexl with chare'oal to absorb the' included oxyge'U 
and thus avoid sprouting of the^ l)ars. The' furnace' is tappcxl through the' 
side; the^ charge', fills 25 tuolds whie'h are' run along uude'r the s[)out on a 
car. 

The first hexirth was made' of (‘onunon fire'brie'k; it. Inste'd five' montfis 
during which time 1,800,000 o^^- we're' re'fine'd. The' [)r(‘se'nt. lu'artli 
made of magm'site^ brie*k is still in ge)od re^pair aftex* nine' moidhs’ use' arid 
has turned out to elates 3/230,000 fine^ ounce's. 

Smelting the Precipitate. For the^ [iurpose^ erf working up the^ skim¬ 
ming from the nu'lting furnac.e'., tlu'. filler dust anel the' /due' prc'eupitatt^ 
from the^ (*yaniele plant, a 20-in. rouird watc'r-jae'ke'texl blast furnnex' was 
installcxl. The jaeOce't is hung from the' f(*('d flexir t-o allerw re'iuoval of tlie^ 
curb. The flue is conne'cte'd with the^ dust chamlx'rs. Be'fore^ be'ing 
chargexl to tlic blast furnaeu' the flue^ dust and pre‘cipita,te' arc' rc'tortc'd, 
them mixexl with sugar water, briejued.texl and drne'd. 

The skimming assays about 15,000 oz. silve'r pc'r ton, the^ flue* dust 
700 055., anel the prexupitate' 15,000 to 18,000 oz. The eduirge' is exileuilatexl 
according to the^ matc'rial to Ix^ put threrugh; somc^ of tiie' mixture's use*d 
are as follows: CUiarge' 1: 250 Ib. erf skimming; 300 lb. of slag; 100 lb. of 
coke, (diarge^ 2: 100 Ib. erf skimming; 100 lb. ed* flue' dust; 300 lb, of 
slag; 40 lb. of iron ere'; 100 lb. erf (X)ke'. Charges 3: 10 lb. of flue' dust; 
20 lb. of f)re'cipiiate'; 30 lb. e)f slag; 25 lb. erf irerrr ore'; 15 lb. erf limc'- 
stone. The'se^ charge's gave* a slag (tarrying from five* to 11 oz. <d silver 
per ton. 

The charge being so riedi in silvetr no le*ad is nexte'ssary. As soon as the*, 
erucible is half full of luillion thet me'tal is drawn off into molds. A small 
amount of sperss is also fonuetd. Thet Imllion runs 800 finet and is me'lt.e'd 
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down in the reverberatory with the sponge. It is only necessary to run 
the blast furnace one day in every 10, to clean up all the by-products. 

The only product marketed is fine silver. It is shipped direct to 
London and sold at the daily quotation without refining charge. Ship- 
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merits this year have amounted to 370,000 oz. per month. The bullion 
carries 0.0043 % gold, equal to about $1 per 1200-oz. bar. The total cost 
of the plant was $67,757, which includes sampler,"'mill]|and’refinery. 
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NIPISSING HIGH-GRADE MILL, COBALT Concluded 

Tlu^ works of ih(‘ Nii)issinf>; Mining ('o., Ltd, is situa.i(‘(l on i ho (‘a.s(. 
si(l(^ of ('ohalt Lak(% nc'arly opposite the town of (-ohaJt* in ()nt.a.rio. 
company ha.s had to solves a nnd.allurgicuil prohhan tluit pr(\s(‘nt(‘d unusual 
foaturos, and ha,s r(\sult(Ml in a uni(|U(^ l)lant for rnilling tlu^ high-grad<‘ 
silv(T oro* 

Ore Character. Th(‘ or(^ to h(‘ tr(‘at(‘d contains a large* vari(‘t.y of 
elements, amoiig which may he* m(‘ntie)n(*ei ai)e)ut *10^'^ a,rs(*nie‘, e‘e)hal(, 
() te) nick(‘l anel varyitig pe*re‘(*nt,age*s e)f a.ntime)nyj nuingane*s(* and a 
large ame)unt. e)f sulphur. 

In additie)!! te) tJie* (*l(*m(*nts alr(*ady m(*ntie)U(‘d, the* e)re* is e*xtre*mely 
rie‘JTi in silveT, l)(*ing inelenal one* which is ne)t usuaily e*e)nsiel(‘r(‘d in any 
s(*ns(* a milling e)re*. It. carri(\s fre)m 2()()() te)'I()()() e)Z. pe‘r te)n, a,n ave‘rage‘ e)f 
2500 e)z. silv(*r p(*r te)n Ix'ing eisual e)V(‘r Ie)ng p(‘rie)els of time*. 

The* sugge*stie)n e)f tre*ating an ore* e)f tliis graele*, running ne*a,rly KO kg. 
p(*r teni in silve*r, by any milling pre)ea^ss woulel he) tre*ate*el warily hy me)st 
me‘tallurgists, the eliinemltie^s c(*rtaiii te) he* ene)ounte*re*d he‘ing me)re* (Jian 
me)st we)uld e*are‘ te) face*. The* first inp)ulse we)uld he) te) ship this rie*h 
ore to a sme‘lt(‘ry in the* ce)nfiele‘nce tliat a ne*arly te)t,al e^xt rae*tie)n riught. he* 
ohtaine*el at a e*e)st Ie)we‘r tlian ce)ulel he* he)p(*el fe)r unel(*r milling e*e)nelit ie)ns. 

Afte*r care*fed e‘e)nsiele*ratie)n, he)we‘ve*r, tin* Nipissing Mining (’e)., I.te!., 
e)f whie‘h R. B. Watse)n is manage*r, catne* te) the) e*e)nclusie)n that t lie* high- 
e*st e*ce)ne)my lay in tre*ating the* e)re e)n the^grounel, making euily one* prod¬ 
uct hullie)n. Tlie* pre)!)Iems e)f me*tallurgy were plae*(*el in the* fuuiels 
of (Uiarl(*s Butte*rs, e*e)nsulting me*tallurgist fe)r the ce)mpa,i)iy, assiste*el by 
(}. 1£. (Ue*veng(*r anelJam(*s Je)hnste)ip who built the mill anel has sine*e‘ he*e‘n 
in charge) e)f it. The* result is the* se)"Calle*el high-graele* mill. 

Ore of tins charae)te*r, ce)utaining as it de)e*s, pi(*e*e‘H of re)ck e)f varying 
graele fre)m ne)thing up te) native) silv(*r, ejanne)t be* satisfaete)rily sa-enple'et in 
a ce)arse) state. At the) Nipissing mill the* sampling is elone* afte‘r the* hall 
mill has crush(‘d the* e*ntire mate)rial to pass a 20«-m(*sh se*r(*e‘ip whe*u it cun 
be done) with ae'.curaey. 

As all tlie l)r(*aking anel grineling up te) this point is performe*ei on the* 
dry ore, th(*re is naturally some elust fe)rme‘ek a.nel it folle)WS from tlie* graele* 
of the material that this elust eontains a valuable) epiantity e)f silve'r. In 
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are led to places where it can best be collected, the fan delivering into a 
baghouse from which point it may be returned to the treatment system. 

The fine ore.is taken to a platform over a 4x20-ft. 

Krupp tube mill. This portion of the metallurgy is unique and somewhat 
astonishing. 

Extraordinary Amalgamation. —The tube mill has its axial entrances 
sealed up except for a small compressed-air pipe which enters it at one 
end and a corresponding air exit at the other end. The mill has the usual 
manholes in the tube, but these are seldom used. Instead there are three 
handholes with the usual covers equally spaced over the length of the 
mill on the same horizontal line. Through these holes the mill is charged 
and discharged, the larger holes being necessary only when relining or 
repairing inside the tube. 

Here, then, is a tube mill used as an amalgamating barrel, but under 
conditions which were probably never before sought for amalgamating 
purposes. The combination of an extremely high cyanide solution, a 
complex ore which contains all sorts of elements, and mercury all ground 
violently in a pebble mill, would seem to induce conditions quite the 
reverse of satisfactory. The natural expectation is that the mercury 
would become floured and that a large loss of it would be incurred. 
Particularly would this seem to be the case after the absorption of a 
quantity of silver would have resulted in the formation of amalgam with 
a tendency toward granulation, an ideal condition to be thoroughly 
'^sickened^^ by the foreign elements in the ore. 

It is stated that this does not occur, which must be largely due to the 
strong cyanide solution keeping the mercury clean and allowing the fine 
particles to coalesce without hindrance from a coating of foreign sub¬ 
stances. The heat formed in the mill may also have some effect in a 
beneficial way by tending to keep the mercury fluid and active. There is 
a great deal of heat generated in the mill, in fact steam would be formed 
were it not for the stream of compressed air which enters one axis of the 
mill and is discharged through a standing pipe at the other. This keeps 
down the temperature, though even with this cooling assistance the tem¬ 
perature of the mixture after completion of the agitation period is about 
90 degrees. 

Use of Chemicals. —It is noteworthy that neither lime nor lead salts 
are used during this process, and that after the agitation is complete, there 
is still sufficient cyanide to carry on the subsequent operations without 
further addition. The amount originally added to the tube mill is 
sufficient to produce a very strong solution, which is capable of partially 
outlasting the destroying effect encountered within the mill. 

The agitation is continued for nine hours, after which time 97% of 
the contained silver has been extracted from the ore. The tube mill 



NIPISSINC; HIGH-GRADE MILL, COBALT 


25 


makes 37 r.p.in. and, e()uira,ry to th(^ genca-al practice of the day, is lined 
with silcx bri(‘k. 

Power. Th(‘ char^-(^ wlii(*h is put into th(‘ mill fills it more than 
half full; th(T(‘ is litth‘ spa,(‘(‘ hh't a,ft(‘r putting in the total charge. Tliis 
results ill l)ahin(‘ing i.h(‘ mill so i.hat during tlu^ agii.ation process it requires 
only al)()ut 17 hp. to k(M‘p it. in motion. When the mill is emptied 
of the (‘harg(‘ and (‘ontains only i.Iu' p(‘I)I)l(\s, it requirc's nearly 40 hp. to 
move it. 

Cyaniding the Pulp. Tla^ agitating tanks arc' of tlu' flat-bottomed 
types having nuMdianical agitating applia.n(‘(‘s. These consist of a vertical! 
shaft, to whicdi arms arc' fixcnl, rcaicdiing nc'arly to the periplu'iy of the 
tank. The' vc'rticail shall is movc'd at a ratc^ of 30 r.p.m., l)y means of 
cn'own whc'C'l and pinion gc‘a,ring. The' high spcM'd of thc'sc^ agitators 
is worthy of note', t he' nc'C'C'ssit.y for it bc'ing found in thc^ higli specific 
gravity of the' orc', which is almost c'C|ua.l to an ordinary c*oncentrate. 
Bc'sidc's, the' ore' is so hard t.luit. only a small portion of it ewea* bc'comes a 
truc^ slimc', but^ rc'inains in agranular form and has that tendc'ncy tosc't.tlc' 
chara,ct.c‘ristic‘ of such mat c‘ria.1. Thc' high spc'C'd is nc'c*c\ssary to kcc']) the' 
solids in suspc'nsion. 

Thc' striking fc'al urc' efl* t lu' cya,uida,t,ic)n of the' ])ulp is not in the mcd.hod 
followc'd, which is thc' usual onc', l)ut in the' fact that it is cairricul out in 
solutions, whicdi must nc'cc'ssarily b(‘ in a st.atc' which is not usually 
rc'gardc'd as bc'ing c'llicic'nt. for cyanidatiem. A c*onsidc‘ration of what thc'sc^ 
solutions must camlain, c'oming, as thc'y do, from intimat.c^ contacd. with 
the c'onglomc'ration of ch'mc'nt.s found in thc' tube' mill, will indicate^ that 
thc'3^ must bc' more' or Ic'ss foul and in a condition whic*h is not favorable' io 
maximum c'flicdc'ncw. This mattc'r will bc' rc'fc'rrc'd to latc'r. 

Precipitating the Solution Content. Thc' solutions arc^ precipitatc'd 
by mc'uns of //me* shavings in a box of the' usual dc'sign, whicdi has C'ight 
caimpartmcaits, c'ach compartmc'ut having room for about six c*ubic^ fec't 
of zinc*. Thc' shaving usc'd is ratlic'r (‘oarsc'r t-han that usually used, 
rc'sc'mbling a, stout wire*, t.hc' width of the' shaving lic'ing nc'arly c'(|ual to 
thc^ thickru'ss of the* shc'cd from which it. is c*ut. 

'Dw rc'finc'ry dc'purtmc'nt prc'sc'uts somc^ unusual fcaitures. Tlu'rc^ arc' 
six rc'torts of the* horizontal tubular type^ sc*t. in bric*k, cuich retort mcaisur- 
ing IdXhO in. Thc'sc* rc't.ort.s arc' hc'atc'd by oil burnc'rs, thus making thc^ 
opc'ration simplc'r, clc'a.nc'r and c'asic'r than whc'ii wood or coal is usc'd. Thc^ 
oil burnc'rs arc* cuipablc* of gc'nc'rating a dc'gree of hc'at which is entirc'ly 
satisfactory and the ofH'ration is not troublc'somc^. 

The* prc'c'ipitat.e from thc^ cyanide* dc'jiartment is mixc'd with a bora.x- 
soda flux of thc* composition usual for preedpitate, bricpicdd-c'd and melted 
in a small blast furnace*, togcd.hc'r with the skimmings from the rcwerbc'ra- 
tcjry furnace and othc'r cleanings of value. This blast-furnace system of 
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melting is not new, having been practised before in different places. It is 
a good system when properly followed, but is not to be promiscuously 
recommended. 

From the standpoint of cyanidation there are several points about this 
metallurgy which attract attention. The first one is the use of a solution 
high in cyanide content for the amalgamation process. Of course, the 
intention is to use the cyanide entirely as an aid in amalgamation, there 
being not the least effort to put silver into solution during this stage. 
Nevertheless a portion of the silver must be dissolved along with a large 
number of other elements. The wonder is that there is any available 
cyanide left at all after the amalgamation period is over. 

Considerations of Theory.—A question which is naturally suggested is 
whether the mercury is dissolved to any extent, and if so, what becomes of 
it. Some authorities claim that mercury in the native state is not dis¬ 
solved by cyanide solutions while others take the opposite view. I 
am inclined to believe that it depends a great deal upon conditions. A 
volume of mercury in quiet contact with cyanide solution will probably 
not dissolve to any great extent, but mercury in a finely divided state and 
amalgamated with other metals will be likely to go into solution. Such a 
finely divided and amalgamated state is certain to exist inside the tube 
mill during the amalgamation period when it is subjected to the grinding 
action of the pebbles, and it seems quite likely that a portion of the mer¬ 
cury would be dissolved. In any case it is well known that some com¬ 
pounds of mercury are readily soluble in ordinary cyanide solutions and 
it is not at all unlikely that some such compounds are formed during the 
amalgamation period, so that it seems reasonable to assume that there 
would be some mercury in the solution. 

If this is agreed upon it is easy to see why lead salts are not necessary 
in subsequent cyanide treatment, for the mercury would decompose the 
soluble sulphides precipitating HgS. In addition, the double cyanide of 
mercury, K 2 Hg(CN) 4 , formed is an active solvent of .silver and might 
assist in recovering additional amounts of it. 

While it has been stated that no lime is added to the tube mill during 
the amalgamation period, the fact that mill solutions are used makes it 
necessary that lime in solution be present, at least at the initial period, 
though it is conceivable that it would be destroyed soon after agitation 
had been started. 

In addition to the mercury there are elements in the ore, such as 
nickel, cobalt, manganese, sulphur, and arsenic, which would enter solu¬ 
tion. This presents an opportunity for all sorts of chemical reactions 
to take place which would be exceedingly difficult to follow. The well 
known affinity of mercury for sulphur would account for its removal from 
solution and it seems likely that the other elements would be precipitated 
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in soin(‘ form at some sta^e of treatment. It is only reasonable^ to ('xpcM*!; 
that the solution of the metallic elements as cyanides and their (‘onstKiueuit 
transformation into other forms would act as reducers to the solution, 
robbing them of some of the oxygen which would otherwise^ b(‘ avaihibl(‘ 
and retarding tlu^ dissolution of silver. 

Character of Solutions.—-A peculiarity of the solutions useul in (.his 
treatment is that they contain quantities of a brownish-black preM'ipitatc* 
floating in tluun. This precipitate is not noticeable unt.il th(^ solutions 
enter the prc(ui)itation box where so much of it is liberated that, it obscur(‘S 
the icinc. In spite of this condition, which would apparcuit.ly b(‘ fatal t.o 
good pr(H*ipitation, tlu^ results arcj good, as shown by tiu' solui.ion assays 
already givcm, and the action in the zinc box is lively and normal, shown 
by th(^ (wolution of gas. 

The floating pnaupitate is light in w(‘ight and (lo(‘s not- nmniin on the 
zinc to any largc^ c^xtemt, but does settles in the sump tank, an analysis of 
it showing that it contains ])ra(ttcally all thc^ clenumt.s immtiomMl as 
existing in the or(% togcdtier with portions of zinc and mcuaniry. 

The zinc in tlu^ zinc box does not show much (Thad. of mcaatury, 
which has the property of amalgamating with tlu^ zinc. a,ud (musing it to 
break up into a soft mass of short, amalgamated zinc, may b(' 

some slight indic^ation of it, but not (mough to account for (.lu‘ pnsstmcc' of 
any considcu'abh^ (luantity of mercury in tiie solution. 



CHAPTER IV 


THE HOLLINGER MILL, PORCUPINE 

The plant of the Hollinger Gold Mines, Ltd., is situated east of Miller 
Lake, near the town of Timmins in the Porcupine district of Ontario, 
Canada. The mill occupies a site on the side of a hill in proximity to the 
main shaft from which the ore is hoisted from the mine. The ore is 
broken to a size appropriate for stamp milling at the shaft head and 
is then conveyed by means of an inclined belt conveyor to the mill bins, 
where it begins the process of reduction. The accompanying engraving of 
an east view of the mill shows the conveyor which carries the broken ore 
to the mill bins. 

Ore Classification.—The ore, in which gold is the valuable constituent, 
is comparatively soft and is easily crushed, the crushing and grinding 
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machinery having a high rate of efficiency, as will be shown. The mill 
run consists of about two-thirds sericitic schist and about one-third quartz, 
all the rock being highly schistose and for this reason easily crushed and 
ground. While a good proportion of slime is formed, there is also a large 
proportion of fine sand in the product which passes a 200-mcsh screen. 
Thus a product for treatment is formed which is largely granular in 
character and which presents the difficulties usually encountered in a 
pulp of this character. The mineral is heavy, the dry slime having a 
snecifie o-r^i.vitv of 9, ^.<1 A -milrk tViics n'h 
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some to handle on a(*(‘ouut of its t(md(m(‘.y to settle at (^v(4*y opporl,unity, 
and the maehinery for liandlin«- it has to be designed pa,rt.i(‘ula.rly witb i.h(‘ 
idea of obviating, as fa,r as ])ossibl(^, every ehanee for tlu^ h(‘a.vy, granular 
solids to s(dtle and giv(^ i.rou!)l(‘ in treatnumt. 

Th(‘ ore from tlu‘ mim^ is first pa,ss(al through a No. 7 Ktauiedy gy¬ 
ratory crusher, aft(T \vhi(*h it gocss through a troiunu^l having 2.l»in, 
openings, the und(‘rsiz(‘ going dire(dily to tlu^ 2()4n. imdimal Ix^lt (‘onv(\vor, 
which carri(\s it to th(‘ mill, while th(‘ oversiz(^ is passcnl i.hrough a, 2()X Id- 
in. Allis-Chiahmu's HIa.k(‘ (‘rusher, whi(‘.h redu(*(\s all t-lu^ r(H‘k fo 2.1 in. 
The crusluHl ore joins the' und(a’siz(^ from tlu^ tromuK'l on tlu' (*onv<‘yor 
b(^lt. 

The im^liiTK' (‘onvcwor d(‘liv('rs th(‘ or(‘ to a cross (‘onvcwor which 
reaclu's ovct tbe top of th(‘ mill bin and, b,v nnaius of a Robbins Irippta*, 
the ore can h(^ (U'livnaa'd at any (h^siiaal point in tlu^ bin. Tin* Inn is of 
wooden constnudaon with flat bof.tom a.nd lias a, capaauf.y of HHH) i.ons of 
r()(‘k. 

SuspeiKbd (diall(mg<‘ IViaha's (h^livcu* tlu' or(‘ to tlu^ siaimps, of which 
th(Te ar(‘'l() of 1500 lb. (‘ach, dropping in a narrow morl.ar of thc^ typ(‘ us(‘d 
for spcaal crushing. T1 h‘ lu^ight of drop is OJ in. a.nd t h(‘ fretpamey is 
100 drops p(‘r minu((‘. 

Th(‘ scr(H‘ns ustal in tlu' batUay ar(‘ of t.h(‘ slot form of wir(‘cloth, the* 
size us(hI Ixang about six m(‘sh in width and about ] in. long. 

Mxpea'inumts mad(‘ on (‘rushing (‘apa(‘ity show that through a 1 l-uuNsh 
scream of this typ(‘ a capacity of (hgtit tons per stam]) p(U* 2*1 hr. is obt aim'd; 
with (bnu'sh, tons and with -l-nu'sh, 12.1 tons, din' S(‘r(‘(‘n normally 
us('d at the prc'semt tinu' is th(* 0-m<\sh a.nd a re'gular crushing of 01 tons, 
possibly a litth' in (‘X(a‘ss of this figures, is obt-ained. 

(h'ushing is dom^ in (*yn.nid(' solution of b] lb. K('N pnv ton, llu' 
ratio Ix'ing five of solution to one* of ona The mortars an' arrnngc'd so t hat, 
the hc'iglit of dis(‘.harg(‘ is two imdu^s. 

ClassijSer and Tube-mill Arrangement .From tiu' si.artii^s t lu' ore* is 
(‘.arrhul by gravity to four Dorr duph'x classifiers of ilu^ B(‘lmout typ(‘. 
This typ{‘ of rna(‘hin(' is fit teal with a crank arrangc'ttU'nt. with whi(‘h tlu' 
rakc's may Ix' lift'd above' tlx^ Ixxl of sand and tlu' mae'hiiu' starte'd. 
This is of grc'at seawdex' wlxm a large amount of sand has sc'tth'd in tlu' 
elassific'r altc'r a shutdown, tlu' rakc's b(ung gradually lowc'ix'd int.o tlu' 
settl('d sand and raking it out by (h'grcms. 

Th(* sand from tlu' elassifie'rs is n'ground in four Allisd diainu'rs tulx' 
mills each 5X20 ft. dlu'y ar<^ limxl with sile^x brick, tlu' bri(‘k Ix'ing sc't 
on edg(i in tln^ mill, thus givitig thieJeru'ss which aids in giving long life 
of th(i lining. At prc'sc'ut no ideal of th(‘ life of theses linings can Ix' obtaiix'd 
because the original linings an* at work and do not sliovv any gr(‘a.t indi¬ 
cations of w(air. 
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The tube mills nr(^ fitted with special spiral scoop feeders, 22 ia. in 
diameter. Through ^these feeders the daily addition of pebbles is also 
put into the mill. J he pebble charge is about six tons to each mill and 
the consumption is approximately two pounds per ton of ore ground. 
The consumption of pebbles was higher at first, reaching four pounds per 
ton at one tinu^, but is gradually becoming less and it is expected that the 
normal consumption will rcunain at about two pounds per ton. 

The consistc^ncy of the pulp fed to the tube mills varies somewhat 
from that usually (^onsidcuaHl most efficient and is the result of experiments 
undertaken to d(d(^rmiiie the most efficient dilution. The weight of the 
solids in this case* makers it most efficient to use a thick pulp, 33 % moisture 
having proved to giv(^ the best results. The mills make 28 r.p.m., use 
No. 1 Danish pebbles and grind 90 tons per 24 hr. to a point such that 
90% passes a 200-m(‘Hh screen. The illustration shows the arrangement 
of the stamps, classifiers and tube mills. 

Driving the Stamps and Tube Mills.—At this mill an original device, 
by means of whi(‘h a unit of 10 stamps and one tube mill is driven from one 
motor, is installed. The motor, of 100 h.p., is connected with a 3r'S--m. 
line sliaft by means of a llcy nolds silent-chain drive, and this shaft passes 
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to stamp-mill lim‘ shaft., of 2i S in., at right angles, moving it by means of 
a miter gear. TIh^ motor shaft continues to the front of the batteries and 
is directly gear(*d to t,h(^ tube mill. The-advantage claimed for this 
arrangement is that th(‘ full power of the motor may be utilized for start¬ 
ing the tube mill aftiT a slmtdown; the power is sufficient to overcome the 
inertia of tlie loaded mill, the stamps being hung up while this is done. 
The cam shaft for the 10 stamps, six inches in diameter, is in two parts 
and is driven bv a nullev on each end. The arrangement of the driving 
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motor aiul shafts is shown in tlu^ a(‘(‘onipa,nyin^ phui of tlu^ mill. 11iis ar¬ 
rangement, while having the adviuitagc^ (dainunl for it, hn,s also tlu‘ ai)pa.r- 
ent disadvantage of being subj(Hit Ik) br(\‘ikage due to tlu‘ (awsi^illi^ation 
of the metal of the gc^ars from the (constant vibration (aius(‘d l)y i.lu^ stamps. 
As a matter of fact some of thes(^ gea,rs have a.lrc'ady broktup but il. is 
considered that the advantages of tlu^ sys(.('m out^wt^igh tlu^ disadvanluag(‘s. 

Removing Gold by Concentration. ^''rh(‘ slime prodiud. from t lu'. (dassi- 
fiers is led to a scaaes of woochai (hnvaba’iiig l)ox(‘s, 20 in uumlxa*, <‘aeh 
6X0X0 ft., having point^ed bottom and goosc^-mxdc dis(*ha,rg(‘. This <I(‘- 
watering plant is rcuilly two l()-(‘ompartm(ait spitzkas(><'n, and is us(‘d 
to ol)tain a pulp thi(*k (‘uough for ellieuuit (‘oiuauitration. TIk^ umhadlow 
from the spitzkasbm, at a dilution of thrcx' of solution to om^ of solids, is 
led to 40 No. 3 I)(^ist(T slinn^ (‘omauitrators. The comauitrators art^ in¬ 
stalled for tlie soh^ purpose of laanoving from th(‘ pulp th(‘ eotti{>arativ(‘ly 
coarse particles of gold wliich would rcaiuira*. a long t>im(^ l.o dissolves in tlu‘ 
cyanide solutions uscal. Tluaa^ is not a grtait (had of this gold that (W(‘r 
appears on the tabl(‘s, most of il. l)eing rcdaiiual in ibc^ tulx^ mill mid 
ground until it is dissolvaal in tla^ solutioii. 

Gold, (wen in fhu^ stat(‘, do(‘s not show on th(‘ tabl(\s unl(‘ss tluaa^ has 
been an unusual (|uanti(.y of exltaamdy high-grach* orc^ uiilhHl, whi(‘h is 
exceptional. Tlu‘ (‘xpead-a-tion, wtuai thc^ mill wa,s d(\sign(‘d, was that th(‘rc‘ 
would b(^ a larger (piantity of eomparativady eoars(^ gold, which would 
come out of thcj tub(‘ mill a.nd would tak(^ such a. long tim(‘ to dissolve^ in 
cyanide solution that tb(‘r(‘ would b(‘ dang(‘r of i(s laang in(a)mphd(‘ly dis¬ 
solved and discharg(id in th(‘ tailing. This idc‘a has provtsl to bc‘ giuaaailly 
imtornxd, the eoars(*r partich's of gold bc‘ing ground up and dissolvcnl to a, 
great extemt in the; tub(‘ mill. Tlu^ comuvntrab^ nx'ovcaaal, howcwaa*, is 
high in gold and is tnaibal sc^parabdy <m th(‘ ground. 

Amalgamation of Concentrate. - Tiu* eotuaaitraU^ from the* tabh^s 
drops directly into (‘.onduiis in thc^ floor, which arc* (‘(luippcul with spiral 
steel conveyors l)y nuauis of whicdi it is c,onvt\V(Hl to tlui emd of the* cam- 
centrator room, whcaa^ it is rcKaavcal by a cross conv(*yor of tin*, same* typet 
and delivered into the* boot of a b(‘lt-aad-bu(dv(‘t (‘htvaior. This spiral 
conveying systc^m would scaan to bc^ a rath(*r (‘xpc'nsivc* way of (tonvtying 
concentrate on account of thc^ large* amount of power usually (*ousumc*d by 
machinery of that class. Bcrcuv conveyors a,re* usually not considc^rcal 
altogether satisfactory on tluit ac^coimt. 

The concentrate is cTwated to a laundcT which dc'livca’s it into four 
wooden, flat-bottom Ians, caich 4X7X0 ft., whc*re it is storcal and shovcTal 
out as required in tlicj amalgamaiioti trcadauc'ut. 

There arc installed four Ghalnuirs k Williams standard Whec^lca’ pans, 
five feet in diameter, and into caicli of ihcjsc^ is c^hargcal 1,5 ions of comatn- 
irate, 100 lb. of mercury and some lye for keieping the mercury clcain, thci 
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pan being filled up witli soliilioii. 'KIh' uiuIKts of (he pan arc lc(, down and 
grinding is continued for one liour, alti'r which liircc iniurs arc* d(‘\’o((‘d to 
amalgamation. The pulp is then i)assc(l to (wo N-ft. sctth'rs, where 
settling is completed in four hours, (he amalgam Ix'ing drawn olT and 
cleaned up in a small chian-up pan. In tliis wa.\' aliou( 117.1', ol tlie 
gold contained in the. conc,cnira(.(i is las-ovaa-ed, (lie amalgam being simt (o 
the refinery, where it is ri'torli'd and (In' resnl(an(. sponge added (o t,h(' 
bullion obtained from the regular cyanide (rea(nien(. 

As already mentioiu'd, the original si'heim* ol (realmeid. included (.his 
concentration and amalgamaiion lor (he [mrpo.se ol (aking car(> ol the 
expected quantity of coarse gold, Imt (hat has no( been (meouid.i'red in 
practice and it is altogether probable, according (o 1 he management, that 
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this stop in tho pnxu'ss can h(‘ h^ft out, tho sfmight cyaiiiilo treatnuait 
being able to recovcT as iniath gold without it. lLXfH*rinHaits towanl this 
end are being und(Ttak(ui and a dcaasion will he made within a few months 
as to the course which will he pursued. Ida* illustration slmws the* pn‘H- 
ent installation of binSj pans ami sc»ttiers, ttogether with tlie elevator 
which brings the concentrate* from tla* h‘ve! the (anuarntrator room. 

Mechanical Pulp Thickening. The* tailing from tlie rofa*entrators is 
joineul by the sedation which was taken frmn it by the spiti^knsten and 
goexs to two Aldrich tripkax slime* pumps, eaeli lOX 12 im, which ck‘liv(*r 
to four Dorr thickemeTS. Thew* thii*k(mer tanks an* 2dXl2 ft. and the, 
scraper arms make | re^volutiou pe‘r minute*. 

Each tripl(‘x pump is opeTaleal by a Hbhp. motor and lifts (he* slime in 
an 8"in. spiral-rivedeal pipe througli 20 ft. l<Mh‘livt*r inlee tlie thie'kemers. 
The pulp from the amalgamation trc*atmc*ni ioins the eoma'iitrator tailing 
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thickeners clc^livcr iin imdcu’fiow containing- -18% moisture which is el(‘- 
viited in two b('lt-an(H)U(*Jv(h-, c^h'vai.ors with I (Lin. bu(*kets into the tre^at.- 
ment tanks. 

The pulp goin^- into th(‘ Dorr tiiickcnu'rs rcaaavtvs tlu^ limc^ whudi is 
required for treatimnit. Tlu^ dry linu' in a, fiiu' stak^ is pui. into a small 
pan and an emulsion is mad(‘, vvhi(*h is LhI (a)ntinuously into the pulp as 
it enters the thic^kemers. A portion of tlu' liim^ is so (*oars(^ tha,t it does not 
dissolve or float out of tlu^ ('miilsifying ])an, and this portion is recovcTed 
and put into tlu^ mortars of thc^ batt.(Ty, wIhtc^ it is soon groiuid up and 
dissolved. The total (puintity of linu' add<Hl is at th(‘ rak' of fiv(^ pounds 
per ton of dry orc^ 

Agitation of Heavy Solids. -Tiua-c* ar(‘ four agiliat ing tanks ea(^h 30 X IT) 
ft. with flat bottoms which arc^ (npiippc'd with Trcmt agitaf.ors o])erakHl 
by 6-in. Morris ccmtrifugal pumps. Th(‘ pulp is trc^af.cal (‘ontinuously 
through three of th(\s(‘ tanks, tlu^ Umgth of tim(‘ of this passag(^ Ixung 
about 48 hr., expen-ienua^ luiving sliown that ibis is sufficiemt time' for 
treatment; tlu'. fouriJi kuik is re'sea-veal a.s a spana Due' to the' high sp(‘- 
cific gravity of tlu' solids ib(\S(‘ agitai-ors have' be'e'u unsueau'ssful in hanel- 
ling the ])ulp in the' agitatie)n tanks. The' pulp e*a,nne>t be' sucea'ssfully 
agitatenl if this is tbie*ke'r than 3: I , t.he' powe'r for moving the' arms runnitiig 
as high as 18 hp. pe'r i,ank. 

At the' 3: 1. elilutie)n the', sand anel granular slime' se'i tle in tlu' tanks, 
stopping the' agitator arms anel giving an e'nelle'ss amount of tremble', d'his 
trouble e^xtenels k) the' fili.ratie)n ele'partme'ut whe're', e)ti ae'e'ount e>f having 
to filk'i* a eliluk^ pnip, the* e)i)e‘ra,tie)n e‘anne)t be' pe'rfe)rme'el in an e'fhe'ie'ut 
mantu'r. On ae‘e‘e)unt e)f the' elifliculty e'xpe'rie'nce'el with tlic'se' agitate)rH it 
has I)ee'n de'e'iele*d to nmwvo ilunn anel install an agitate)r e)f a elillVre'nt 
type^, whicli will be ele^se'ribe'el. With the^ Tre'iit agit.ators, in aelelition k) 
the elifliculty insiele^ tlui tank, tlu're' is the^ elilliemlty e'xpe‘rie'm*e‘el with the' 
use^ of centrifugal pumps. With the' pumps use'el this ce)nsists principally 
in the elifliculty and time' re'epiire'el k) take^ tbe'in apart anel e'xamim^ the! 
inte‘rie)r. 

The agitators U) be' insta,Ileal are' the! Dorr t.yix', whie'h is simply a 
me'.chanism with four re'volving arms e'epiippe'el with rake'S e'xactly as in 
the l)e)rr thicke'ue'r but re've)lviiig at a higlie'r spe'e'eL The' slime' is rakc'd 
elown k) the ce'nk'r e)f the' tank a,nel is the'U lifk'el by mc'ans e4 an air lift 
situakal in the' e*e'nk'r e)f the' tank, cire*ulat.ie)u be'ing elown thre)Ugh the' 
tank and up through the! air lift in the! ce'iik'r. The! systean has Ix'e'U 
trieid in an e!xpe'rime'ntal way at this mill anel tlu're' is now unele'r way the! 
equipment e)f the! spare! agitatie)n tank, with the! agitatie)n me'chanism 
which will b(! given a thore)ugh trial e^n a weakieig scale'. The arms will 
make 12 r.p.m. The' se>lutie)n uschI in tre'atme'nt is 1.5 lb. KC'N i)(!r ton, 
as is all the solutie)n us(!el in the mill. 
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Vacuum Filtration of Pulp.—The pulp from the treatri^^^*^ 
sent to the filter plant by gravity. The filter plant consists^ ^ 
installation of four baskets of 60 leaves each, the leaves 
each. There are six tanks in two units, each tank measuriix^ 
wide and 9 ft. 6 in. long, and having sides nine feet deep ^ 

part, beside hopper bottoms which have 7 ft. 6 in. addit'i<* 
There are five 10X7-in. Buffalo vacuum pumps, one for eacH 
one for the acid washing of the leaves. One crane handles 
kets, having a capacity of 35 tons total load. The crane haH h 
one of 40 hp. for the lift and one of 15 hp. for the lateral tr:t' 
trouble has been experienced with the crane, it apparently I ^ 
designed somewhat light for the work it has to perform. 

The cycle of operations is longer than should be nccessciA'3 
being allowed for loading, during which time a cake 1-1 ^ 

formed. One hour is allowed for solution wash and * 

the water wash. Transferring the basket takes about i v 
and discharging the cake, which is done in the water washiiifiC ^ 
15 min. The discharge is continuous, the tailing containing 
moisture. 

It is extremely difficult to get efficient washing under blit’ 
obtaining with this filter because the slime is so dilute and i 
heavy that they will not stay in suspension, the result bein.^ t. 
a segregation in the cake, the lighter and more impcnetral.>l< 
at the top of the leaf, while further down it is more and more * 
granular product until the bottom of the leaf contains a porous^* 
material which is to all intents sand, and through which the wj 
will pass, leaving the upper part of the leaf, which contains bl i< 
practically unwashed. The filter tanks are supplied wit»li 
assist in keeping the solids suspended, but they are not altog^e d. 
and are rather troublesome to take care of. 

The major part of this filter difficulty is traceable to tHc* 
of the Trent agitators. With a properly thickened slime ^ :: 

proven in this case, less trouble will be experienced in keep in 
in suspension and the homogeneous cake thus formed can be*- % 
a 97J% efficiency. It is expected that with the installatioi 
system of agitation a thick pulp, 1:1, will be maintained tliiN 
agitation and filtration system with beneficial results to bctdi. 

The loading solution from the filter plant, together witb 
solution from the Dorr thickeners, is passed through two !2 
Merrill clarifying filters and to the pregnant-solution suotup 
there are two, each 22X20 ft. This solution is pumped out. ' 
a 7X9-in. Aldrich triplex solution pump, into which 
through a Merrill feeder at the rate of 0.2 lb. per ton of solu t ii 
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204eaf 52--in. Merrill triangular prc^capitato press(\s, wherc^ tlu^ precipitate’, 
is recovered. The re^gular addit-ion of (\yanid(^ is made to the gold 
solution before ])re(‘ipitati()U, th(’ (‘yajiide’ Ixdng ground up and dissoivc’d 
in the flow of solution. No eya,nide is added in any otlu’r way in this 
mill. The solution [)re(*ipilated is about four tons to (we^ry ton of or(‘ 
treated, the eonsumi)in)n of ziiu* Ix’ing 0.(S lb. peT ton of or(‘ milhxl. The’ 
precipitated solution is sa-mphnl for tonnage’ and assay purpose’s l)y a 
tilting-bue’ket ele’viex’. 

The r(\sultlng pre’e*ipitat(' fre)m the’ e’yanieh’ tre’atmc’nt is fluxe’el in the’ 
following pre)pe)rtie)ns: Pre’e‘ipita,te’, 101); be)rax, 20; se)ela, 7; anel silic , 3. 
It is melte’el in a Me)nare‘h tilting furnace using e)il fue’l, in a Ne). 275 
graphite crucible’, the’ bullie)n be’ing re’ine’lte'el in a. Ne). 00 crue’ible’. The^ 
resulting bullie)n is abe)ut 700 fine hi geilel It is e’einte’inphite’el (hat lat.e’r 
aleael stae’k will be instalh’el feir (lie’ purpeise eif nie’lting eleiwn the’ pre’ehpi- 
tate with litharge’ anel the’ii eaipe’lling it in an appreipriate’ te’st.. Hy this 
me’ans a fuu’r bulliein will be’ preieluea’el. 

A plant feir sam[)ling tlu’ eire’ going te) the mill will he’ e’re’ehe’el at seuue’ 
time in the’ ne’ar fut.ure’. At- pre’se*nt e’vc’ry eair eif ore is we’ighe’el anel a 
sample e)f it- ta,ke‘n se) that- seime’ iele’u. of the’ weirk eleine’ ma.y be’ eibtaine’el. 
The new plant will eaintain Snyele’r anel Ve’zin sarnph’rs a,nel a preipeirt.iem eif 
the’ e’ntire’ eire’ will be’ enit e)ut, re’eluce’el in small reills anel e’rushe’rs anel the’ 
ensuing sample’ re’se’rve’el feir assay. 

The te)tal peiwe’r re’epiire’el t.e) eipe’rate’ t.lu’ mill is a-bemt- oOO h.p., e’h’e*- 
trical curre’iit be’ing use’el lor all purpeises, Tlie’ mil! is e)f weieiel construe’- 
tion, well built, a,nel is eaive’re’el with e’eirrugate'el irein. It is she’atlu’el 
inside’ with weioel eive’r a laye'r eif tarre’el pape’r anel is amply he’ate’el with 
stemm, making a (‘e>mfe)rla,ble’ mill to weirk in eluring the’ winte’r se‘a,se)n. 

Metallurgical Simplicity. The’re’ are’ ne> gre‘a.t me‘tallurgie*ai elifli- 
cultic’s, the)se’ that we’re’ e’Xpe’ede’el be’lore’ eipe’ratieins we’re’ e'ommemea’el 
having faih’el to mate*riali/a’. The’ eire’ is ch’an a,ml e’ontains no rc’be’llious 
(’lememts a.nel t-lu’ geild elisseilve’s e*asily in the’ we‘a.k e’yaniele’ seilutions use’el. 
The eirc’ eleie’s neit. de’ve’lop mue’h aeael as is sheiwn by t,he‘ small (piantity 
of lime use’el eluring the’ tre’atme’iit. It- might be’ sa-lVly said that the’ einly 
probh’ins whie’h have’ be’e’ii e’ue’eamte’re’el are’ the’ me’e’hanie’al one’s alre*ady 
mentioru’el a,s elue’ te) the’ high spe’cifie* gra.vity anel granular eduirae’te’r e)f the’ 
soliels in the pulp. 

The’ re’ceive’ry of golel is t.horoughly satisfacteiry, a te)tal (‘xtraed.ion e)f 
93% being obtaine’el e’ve’U unele’r the’ pre’se’ut e’ire’umstane’e’s of me’e’hanie’al 
impe’rfectiem. Of tlu’geilel re‘e*e)ve’re’el, abeiutKO^f is elisseilve’el in the’grineb 
ing operations, whiedi are) inte’uele’el tei incluele* stamping, eOassifying anel 
tube milling, a,ml in the* agitatiein ele’partme’iit. The) high pe’rce’nt- 

age of golel disseilve’el in grineling is weirthy eif m>te‘. It is usually true’ 
that a large preipeirtie)!! eif me’tals is elisseilve’d in the’ grineling ele’partment, 
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but not much attention has been given to a study of the fact and utiliza¬ 
tion of the opportunity presented. 

The dissolving rate is largely due to the efficiency of the tube mill as 
an agitating machine, the grinding action of pebbles liberating and clean¬ 
ing the gold and getting it in contact with solution in a condition most 
conducive to prompt dissolution. For this reason it is good practice to 
make the most of the tube-mill action and do everything to assist the 
extraction of metal at this point. I believe it is a good thing to freshen 
up the solution just before going into the tube mill either by adding fresh 
cyanide, part or all of the addition that is regularly made, or by using a 
solution which has been freshly rejuvenated by means of some one of the 
accepted methods. 

The general run of ore milled has a value of about $20 per ton, of which 
about 98% is recovered in the mill. The mill started operations in June 
of this year and the greater part of the elapsed time has been taken up in 
systematizing the operation, making necessary minor changes and in 
general tuning up the mill so that a normal basis of cost could be obtained. 
The mill is now running well and the cost is not excessive, but the manage¬ 
ment desire to establish the costs firmly before publishing any data. 

The mill is well built, compact and convenient, and reflects credit on 
its constructing engineer, A. G. Kirby. The operations of the Hollinger 
Gold Mines, Ltd., are under the direction of P. A. Robbins, manager, and 
the mill is superintended by Noel Cunningham. 



('irAFTER V 

CYANIDING AT THE DOME MILL 


Tlio i)roport.y of the I)oiu(' Miiu's do., Ltd., is situated alxmt 2 \ 
miles west of tlu* l.own of Sout h Pure.upino, Out TIu^ ])ro])(n-ty is famous 
as the first discovery iu f.lui dist.riet, and has be(ui th{^ suhj(‘(^t of great, in¬ 
terest and discussion among mining men. It luis Ixam <levelop('d for souk'. 
time, and is now equipped with-amod(Tn mining plant, a powm- plant, a 
modern-tO-stanq) mill and cyanide) plant, started in March, 1!)I2. 

Typical Porcupine Ore. -The ore is white quartz and scliist, the (juartz 
occurring as st,ringers and ve'ins of various width running in difh'rent, direc¬ 
tions through t.he sciust country. Within the ])ayahle zone th(> rock is so 
impregnai,(‘d with gold that, no attempt is made to separnt.e it, l,he wholes 
product being sent to the mill as mined. The ore is simil.n.r in edinractcr 
to that of the flollinger mine, but the Dome ore is hareh'r, though it do<‘S 
not reach a point where it could be called ditrieult to crush. In common 
with the ores of t,he camp and district in general, it has a high speeilic 
gravity, the dry slime trea(.(‘d in the mill having a sp<‘eific gravity of about 
2.8, and the r(>sull,ant slime is largcdy granular in charact('r. 11, has been 
determine<l that the pulp under treatment contains about colloid 
slime, the rest of the product b('ing granular and heavy. 

The mill is a modern structure wit.h steel frame, eonerete foundations 
and floors, and, a hniture which is often forgotten in mill construction, 
excellently lighb'd with windows and skylights, making it easy and con¬ 
venient to work in jiny part of the mill without artificial light in the day 
time. In view of the prevailing gloomy weather of t,he district, this is a 
distinct advantage tending f,oward more and better work and has a real 
value in dollars and camts. 'I’he building is heated by sieam, a .separate 
boiler installed in the mill for that i)urposo being of suflicient size to make 
the building comfortable at all times. 

The ore going to the mill eomt's from two differont places, i,wo .sets of 
tracks entering the cru.sher hou.se. The ermsher house is separate from the 
mill and is on the ground level. The ore, entering in, cars mov(‘d l)y a 
lioist with an endless wire roi)e, is thrown fir.st into a No. 7.} Kfumedy 
gyratory crusher. 'This crusher discharges to a grizzly with l.|-in. open¬ 
ings. The ov('rsize is put through two No. 3 Kennedy gyratory crushers. 
All the ore, after passing through thc.se crushers, will pass a 1^-in. ring. 
This is somewhat .smaller than is usually necessary for feeding stamps, but 
in the case of the Dome ore experience lias proved that if crushing is not 
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rather fine, slab-shaped pieces of or(‘ are likely to pass through the cruslu'rs 
without being sufficiently reduced. To avoid this condition, tlu', crusher’s 
arc set rather close, and the r(^sult is that tlu^ ])roduct is all of a good size to 
go through the feeders and into th(‘. mortars. 

Ore Delivery from Mine to MilL—Tlu^ ore from lh(‘ final (*rush<'rs 
falls upon an inclin(‘d belt conve^yor by means of whi(*h it is carried iut(> 
the mill bins. The b(4t is 20 in. wide and ris(‘s at an imfiine of about 
202°, traveling at th(‘ rat(‘ of 350 ft. i)er min. At tlu^ point wlu^n^ 

the conveyor (uitcu's th(‘ mill the conveyor way is c1os(hI with an iron 
door and a heavy iron wall is interposcM IxdiWecm it and the mill build¬ 
ing, only a small opening Ixfing lc‘ft through whi(*h th(^ belt passes. This 



DOlvm MILI. CltCHimU nOlfSM and INCJIXNK rN COHCCntOCND. 


arrangemumt is for prob^dlon against, fire, the (‘rusher houses and ih(‘ 
convenor way not b(‘ing construed-ed in a way to rc^sist fir(‘ as th<^ r(\st of 
thc^ mill is. half-tom^ engraving shows tln^ (tonve^yor r(‘a(dung from 

the crushc^r houses to the mill. 

The iimliruxl convenor d(‘liv(*rs the ore to a sc‘(a)nd (conveyor which 
reaciitvs across the bins. Tlu^ stH’ond conve^yor is provithxl with a tripp(‘r 
so that the on^ (^an be d(‘liv(‘r(Hl into any dc^sinnl part of tlie bins. Tins 
belt is also 20 in. wid(\ 

The mill !)in is of st(H*I construction and has a flat bottom. It has a 
capacity of about 1500 tons of ore and is placed ba(^k of thc^ stamps. Thti 
ore going to tlu^ bins is not wcaglied, l)ut carloads are weighed at inOnwals 
and an estimation of the (luantity is made. A rough sample of tlie coarse 
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ore is taken, also one of the pulp issuing from the battery at the lip of 
the mortar, but no absolute system has been devised to record the 
content of the ore milled. According to the general results obtained it 
may be said that the ordinary milling ore averages about J oz. in gold. 

Crushing in Water—From the bins the ore is fed into 40 1250db. 
stamps by means of suspended Challenge feeders. The stamps drop 
through 6|- in. 100 times per minute and crush through a rolled slot wire 
screen equal to 10 mesh. On this ore and with the screen mentioned the 
stamps have a capacity of 10 tons per stamp per day, but owing to the 
limitations of the cyanide plant the actual crushing is a little under that 
figure, the 40 stamps crushing generally about 380 tons per day. Water 
is used in crushing at the rate of about 6J: 1 of ore. 

Just outside the batteries are the primary amalgamating plates, one 
for each ten stamps, 54X144 in., in two sections, the grade being 1| 
in. per ft. These plates are intended to recover coarse gold coming from 
the batteries, in which there is no provision for amalgamation, but due to 
the scouring effect of the heavy rush of coarse pulp they are of little use. 
One of these plates has already been experimentally discontinued and it 
is likely that the others will be put out of commission. 

From the primary plates the pulp is passed through four Dorr duplex 
classifiers where the sand is taken out and sent to four Allis-Chalmers 
tube mills, each 5X22 ft., having spiral scoop feeders and reverse-spiral 
discharge, which tends to prevent pebbles issuing from the mill and also is 
convenient for the introduction of the regular daily addition of pebbles 
which can thus be fed into the discharge end of the mill without trouble. 
From the tube mills the pulp is returned to the Dorr classifiers by means 
of five Frenier pumps, each 8X54 in., the tube mills and classifiers thus 
being in a closed circuit. The tube mills make 32 r.p.rn. which is some¬ 
what excessive, the general speed of mills of this size being about 28 r.p.rn. 
Due to the weight of the pulp it may be fed into the tube mills somewhat 
thicker than in usual practice. 

From the classifier the fine pulp, or slime, goes over a second series 
of plates, called the secondary plates, where amalgamation takes place. 
These plates are 108X144 in. with a slope of J in. per foot. On these 
plates under present conditions of operation about 60 to 65 % of the gold 
content of the ore is recovered. 

The whole of this crushing and grinding operation is carried out in 
water, the reason being that a flow of cyanide solution is believed to be 
prejudicial to good work on the amalgamating plates. 

From the secondary plates the pulp is led to three Dorr thickeners, 
each 30X10 ft., where the pulp is thickened as much as possible, the 
usual effluent being about 1:1. From the thickeners it goes to -the 
boot of a duplex belt-and-bucket elevator, 70 ft. between centers and 
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(‘tirryin^ TXHLin. l)U(*k(‘is. This (T^vator (l(‘Iiv(a*s to th(‘ ioa 

syst('ni. 

In th(‘ Loot of t-h(‘ (‘It'valor tlH‘ (‘yaui(l(‘ n(‘(*(‘ssa,ry for t.naiinuait, is 
addod, 11 h‘ iua.t(‘rial in hinip form lu'iug sus|){nid(Ml in th(‘ flow of pidp 
whon^ it. dissolv(‘s. Tfu‘ solution is niad(‘. to a, strinigth of on(‘ pound pta- 
ton of solution, tL(‘ av(‘raf»;(‘ (‘onsiunption in total l)(‘in< 2 ; about d.S IL. 
p(‘r ton of or(‘ tr(‘at<'d. ddi(‘dilution raXio va.ri(‘s Ixdwcaui 1:1 and li:L 

Tlu' (*lassifi(*ation of tlu^ pulp K<dn^’ to a.jL»;it.ation is a.Lout. a,s follows: 
+ 100 in(\sh, S+',; d -00 nu'sh, -"200 in(\sh, 00^'+ ddi(‘ fin(ai(\ss (jf 

<>;rinding is controlUMl (udindy by th(‘ (‘oniparison of cost, and r(M*ov(‘ry, 
and tli(‘ most (dlicitmt. (‘ondition for both (*onsid(‘rations has Ixam found 
to be th(^ (*ondition abov(‘ stabal. 

The wa,t(‘r from tin* pulf> is ndurmal t-o tJH‘ ba.t.t.(‘ry ciriuiit. for furllna* 
use, th(‘ (*ir(*ula.tion lading maintaiiKal s(‘parat(\ It is of <‘ours(‘ maa^ssary 
to tak(‘ out a.s miudi wat(*r as possible^ from t.h(‘ pulp whieii is to go to 
(‘.yanidation tnaitimait, in ordta* that tJu‘ <*onsumpt.ion of (*yanid(‘ sha.ll 
l)e as low as possible'. 

Pachuca-tank Agitation. Ida* agitation of tlu' pulp Paediuca tardus 
an' us(‘d, but. tlu' dc'sign variess from the' usual standard. Tlu'se' taidcs 
are S ft. in diauK'te'r atul 40 ft. eha'p, re'seuubling a chimm'y more' than a 
tank. This loimi was ade^pt.c'el in vie'W e)f the' ('spe‘e‘ia.lly hcaivy tdiaraeder 
of the' slime to be' tre'ute'el, it. be'ing e'onsiele're'el tliat in a. wieh'r tank tlu'rt' 
woulel be' ela.uge*r e)r se'ttling of the' sejlids. It is state'd tha.t. 25 te) *10 lb. 
of air pre'ssure' is suflicie'ut te) sc'e*un‘ sa,tisfa.(*tory agitatie)n in tlu'se' tall 
tanks. The'y se'e'Ui a p(*(*ulia.r form of agitator, but if tlu'y are*, as is 
e'lainu'el, the' me)st satisfa.ct.e)ry form lor agitating this lu'avy pulp, ne) 
eritie'ism e‘an be* nuide* e)f the'im 

The* agita,tie)n is eontinue)Us through the* lhu‘hue*a, tanks, e)f vv4iic‘h 
the're are' four, the' last tank beang arraeige'd se) t.ha.1 its ove'rflow may take* 
out a, (piantity c'epial te) tluii whie'h e'ld.e'rs tlie* tank, e)r may be* change'el 
se) as to take' out> me)re* e)r h'ss, ae*(‘e)rding te) the* ele'sirability eif iuerc'using e)r 
reMlue'ing the* amount. e)f mate'rial in the* tank. 'Fhe* dilution of the* pulp 
eluring this tre‘atitie*nt is fre)m 1:1 te) 11:1 a,ml varie'S se)m(‘wha.t. in 
accordance' with the' we)rk of the* l.Iiicke'nc'rs. The* he'ight of the'se* taedos 
rc'Hults in an aelvantagc' in tluit a (*onHide'ra,!)lc' fail is s('(*ure'd to the* tilte'rs, 
allowing the'tn to be' tilh'd by gravity. 

The' ])ulp from the' agitatie)n syst.c'm gex'S inte) t.we) Dorr thicke'nc'rs, 
each 25X 10 ft., wlic're^ the* pulp is thie'ke'iu'd for filtration and tht'n inte) a 
nu'chanical agitator tank whe're' tlee' slimt' for tilte'riug isst.ore'el, the' slow 
agitation pr('ve*nting the* se)lids from se'ttling in the' tar)k. The' ove'rflow 
from tlu'se' two thie'k(*n(*rs is passeal thre)Ugh a Me'rrill e'larifying pre'ss and 
is pre'cipitate*el. 

(Uass l)e)ttoms a,rc^ use'd in many of the hiunde'rs at the* Donut mill in 
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order to facilitate the flow of pulp. It has been shown that with the same 
grade a launder having a glass bottom runs cleaner and easier and at the 
same time lasts longer than one without it. The glass seems to reduce 
friction, so that often a launder which gives trouble when made of wood or 
iron will flow easily and without trouble when glass bottoms are put in. 
A sudden drop or fall of the pulp on glass must be avoided, for in such 
cases the glass grinds out sooner than when iron is used. The cost is 
low, scrap plate glass being used, which may be bought for about seven 
cents per foot for pieces of various length 12 in. wide. 

Pressure Filtration.—The pulp is led from the mechanical agitator 
to two Merrill slime presses, standard type, having 76 frames 4 inches 
thick. The press is filled by gravity and the slime being thick, there 
is no segregation and a homogeneous cake is made. Once made, the cake 
is washed with barren solution, an amount equal to the weight of the cake 
being used. During this wash there is an appreciable additional solution 
of gold. After the solution wash the cake is discharged, there being no 
actual water wash in the press, but as it requires four or five parts of 
water under 80 lb. pressure to discharge the slime, there results a form of 
washing, as most of the water is afterward recovered in the two Dorr 
thickeners, each 30X10 ft., through which the sluicing mixture is passed. 

Only an equal amount of water is discharged with the slime, the rest 
being recovered from the thickeners and used again to sluice out the 
presses. The amount of wash water discharged is about equal to the 
quantity of water taken into treatment from the crushing system. The 
slime is discharged from the thickeners by gravity. This system is well 
adapted to the character of the pulp, the heavy solids having no time to 
settle previous to filling the press, with the result that a cake which can 
be thoroughly washed with solution is formed. 

Zinc-dust Precipitation.—^The Merrill system of zinc-dust precipita¬ 
tion is used, the zinc being added to the solution from the clarifying press 
which passes to the two pregnant-solution sumps, from where it is 
pumped into the precipitation press, which has ten 2-in. frames. The 
zinc is added by a spiral-screw conveyor which feeds the dust into a 
miniature tube mill were an emulsion of solution and zinc is formed, this 
emulsion going into the stream of solution entering the pump. 

The amount of zinc added is approximately | lb. for every ton of 
solution. As there are about two tons of solution precipitated for every 
ton of ore treated, the consumption of zinc is about I lb., or approxi¬ 
mately two cents per ton of ore milled. 

A small amount of lime is used in the treatment, the system being the 
formation of milk of lime by placing the dry pulverized lime in a barrel 
and adding a constant stream of solution, the outgoing solution, or milk 
of lime, entering the treatment at the desired points. About three- 
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fourths of the total liino consumption is addod to the thiedetuKirs whi(*.h 
prepare the pulp for the ap;itation treatment, this being to assist seddfe- 
ment and aid in the production of a thick pulp; the remaining onc'-fourth 
is add(jd to the thick pulp going to treatnumt. The total consumption of 
lime is a little under thr(‘e pounds ])er ton of ore trcuitcul, as the is not 
extremely acid, and tlu^ lime is uschI more to assist S(‘ttl(an(mtr than for a,ny 
other puri)ose. 
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A total of approximately !)r)% of th(i k« 1<1 content of tln^ orc^ is re¬ 
covered, about (>5% of which is rocovcrcal on thc^ j)hd:<!s us has h(;cn men¬ 
tioned, and the rcunaining cjuajitity in tlu! eyanid<! treatmeivt. 'I'he 
percentage recovery is govermul hy the economi(! epnsstion, tluin; Ixsng 
no difficulty in recovering 98 or 99% of the gold if it is desirt-d to do so. 
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Experience has shown that it is more advisable to stop at the point now 
established than to attempt to extract more of it. The costs established 
are proportionately less than if the higher extractions were obtained. 

The power used by the company is generated in its own power 
house by steam, using coal as fuel, and is higher than would be the case 
were hydro-electric power available. It is expected that such power will 
be delivered at the plant within the next few months, when a corre¬ 
sponding reduction of cost is expected. Detailed treatment costs are not 
given at this time as such figures to be of any service should be repre¬ 
sentative of permanent conditions. 

Smelting the Precipitate.—The precipitate is melted in a small blast 
furnace with litharge, the resulting lead bullion being afterward cupelled 
in an appropriate test. The cost .of this system of refining seems to be 
less than the older method of direct melting and a practically fine 
bullion is obtained, with the advantages which come with a product of 
that kind. The lead stack is easy to operate and does not entail the 
severe labor attendant upon pot melting, and the cupelling operation is 
also comparatively clean and convenient. A comparison of the cost will 
add the deciding factor, and I expect to give especial attention to this 
matter in future papers oh the subject. 

At the Dome mill the cupelled bullion is melted and made into bars in 
a small oil-fired tilting furnace. For this purpose the tilting furnace is 
satisfactory. 

The cupel furnace is heated by means of an oil burner, but the operators 
consider that it is not as satisfactory as when wood fuel is used. The 
cupel itself is made of a mixture of ground limestone and Portland cement 
in the porportions of about 1 : 3, which makes a properly absorbent 
test. The saturated protions are melted down in the blast furnace to¬ 
gether with scraps, sweepings, etc., in a scavenger run which is made at 
intervals. 

Points for Discussion.—The first point in the Dome mill which is 
open to criticism of any kind is the fact that no accurate weighing or 
sampling is done on the ore which enters the mill. Estimations are 
made, but these can hardly be considered an effective substitute for 
absolute methods and probably much more satisfaction would be ob¬ 
tained with accurate weighing and sampling systems such as are being 
installed in the newer mills. The pulp from the Dorr thickeners going 
to the agitation treatment is estimated by measurement and specific 
gravity determinations which are taken at regular intervals and the 
operators believe that in this way a good estimate of the tonnage is 
obtained. 

Pachuca tanks as here used seem to be a subject for some discussion, 
but personally I think there might be some more satisfactory and 
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(K^onom’uuil nuThod (>f obtaining* the sa,ni(‘ r(\suli,. I ani iiot (*onviu(‘(Ml 
that Pa(‘4iu(‘.a iptinks aro inosi. (4!i(*.i(aii a-gila-ipors, particailarly \vlu‘ro tlu^ 
time of (‘ontact is sliort and wlaaa^ giauit a,gitati()ii is uoIp n(H;essai\v. 
The fall for the filt(a*s could as W(41 Ix^ scHuinxl by using tanks of dilTcaamt 
form, even if the (4evation w(a*(i mad(^ ('(jual to l.luit Jiovv obtaiiu^d. 

A comparison of the d(\sign of th(‘ Hollingc'r and Donu' mills ])r(\s(mts 
a good illustration of two ways of doing the sanu‘ i.hiug. In both mills 
the original (h^sign (‘onkunplai.cMl the rcanoval of coarse gold whi(*h 
might not be dissolvcxl in th(‘ cyanide^ solutions a,nd wlii(‘h, it was fcvanal, 
might b(' (lis(*harg(Ml imdissolvcal with tlu^ r(\sidu(\s. Ai- tlu^ nolling(a* 
the attempt was mad(‘ to (^xiratd. this (*oars(‘ gold on c.onc(mt.ra,t-ors, whih' 
at the Donu' mill th(‘ sanu' n^sult is sought through tlu^ nuMlium of 
amalgamating plat(\s. It is probabl(‘ (tiat m^ithca* systcmi is mna'ssary. 

At the Holling(T mill it has beam (hanonst-ral.cMl that this eoars(‘ gold 
is mor(‘ than likely to Ix^ rcdpaimxl in th(‘ tub(‘ mill as long as it is (*oa,rs(‘, 
and Ixung tluxx' s(‘our(xl atul subj(‘ct(‘d to attrition it is gcuuTally nxliuaxl 
and dissolved. Th(‘ (‘oncemtration sysUati is alr(‘ady umhu* suspi{‘ion of 
being usehvss and may Ix' dispcmscnl with. At th(‘ Dome' the sysbun of 
amalgamation on phit(‘s is donc‘ in miivr whi(*h has l,o b{‘ (uirrics! through 
the whole grinding sysbuti and this pr(‘s(mts thc^ scaious d(4Vct of losing 
the dissolving (4Tcct of th(‘ solution during crushing a,nd grinding, and 
particularly tlx' highly {41i(‘i(mt dissolving aciion <d‘ the' tulx‘»milling 
ojxx’ation. 

I am of th(' opinion that thc^ simplification of th(‘ mill through tlu^ 
discarding of t.lu^ plat(‘s and grinding dir(X‘tly in (‘yanid(' solutions would 
obtain a nnsult as go(xl or b(4»t(‘r than ttu^ on(‘ now in u.s(‘ and pca-haps ai- 
less cost. A gr(‘at advantages about the lattcu* sysbun is that not so miudi 
water would Ix' neexusarily takem into tlu^ (‘irculation. Noms would lx‘ 
taken in through milling and what wat(‘r is nxiuinxl couhl Ixs takem into 
cinndation through giving tlu^ filba* cakes a waba* wash. This woidel 
rexluce the loss in dissolvexl gold and also tins mexdumiead loss of (*ya,nidcN 
which constitub's at prevsemt about two-thirds of tlu‘ tofpal loss. 

Th(‘ logical addition of waba* to milling syslpcans is tlircmgh th(‘ (iltea¬ 
cake wh(^r(‘ it will do the^ most gexxl, and not into the‘ agitation cireaiit 
wheae it nuaedy dilutees solutions and necanssitatc's the^ addition e)f (*yanid(^ 
to keep strcaigths.up to normal. 

It is still an opeai (juestion wtuddiea or not e‘e*onomi(\s e-ould Ix^ in- 
trodiKKxI by using a sysban of partial lexiching, agitating only the^ mitural 
slime formexl during grinding anel passing the fine', granular solids to a 
leaching sysban. This (jue'stion earn cmly be‘ solvcxl by a seaie^s of <‘X“ 
periments (‘stablisiiing tln^ point to whiedi grinding must bc^ (airriexl to 
liberate th(‘ maximum (piantity of gold and th(‘ ele\sirability of (athea* 
leaching or ^igitating tho fine sand, according to cost. 
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The filtration system at the J)()m(^ milij usini;* tlu^ Mc^rrill prcvssure 
filter, is the best I have se('n in ('anada. Tlu^ characU'r of the pulp 
makes the machine especially ap])lic.able to handling it-, and filtration is 
performed at a minimum expcmse and with Ix^autitul simplicity. The 
pressure system ought to Ix^ instalh^d in all mills to 1)(‘ built, (uum if it 
does not displace vacuum plants alnaidy instalhxL With the change 
from the Dome practice of adding a wat-ca- wash to tii(‘ (‘ak{\, it scnans to 
me that most admirable results might Ix^ obtaiiual. 

At the Dome mill the metallurgical! difiiculti(\s are m^gligibha The 
problems arc all mechanical, duc^ t-o th(‘ handling of tln^ luaivy pulp and 
the devising of a system of manipulation whic‘h will givc^ th(‘ highest 
economy. 


DISCUSSION 

Cyaniding at the Dome Mill 

I read with inter(\st the article^ by Mr. Mt^graw in tlu‘ Jouunal of 
Nov. 23, 1912, describing the milling practice^ of tln^ Dom(‘ Minces Co., 
at Porcupine, Ont. I notice that- th(‘.writ(‘r scaans to (‘onsidex' lh(‘ ratio 
between the width and Ixaght (S :•!()) of th(‘ Pachuca. agitat<x's unusual, 
but in an all-sliming pixxxvss such a,s followtal at tlu‘ abov(‘ numtioned 
property it is doubtful if el!ic*i(mt agitation c‘ould Ix‘ obtaima! with a 
more shallow, wider tank. F. (\ Brown, in giving sp(‘cifications for 
Pachuca tanks {Min, and Kci, Press, S{‘pt.. 29, 19()S), placxal th(‘ ratio 
between the width and height of standanl tanks at I or 5, luxnadbat 
observed at the Dome plant do(‘S not appcair to Ix^ i‘xcc‘ssiv(‘. 

In Pachuca construction thcTc stxxiis to lx* a g(*m‘ral tc^ndeucy to 
build a lower, wider tank, eithc^r from motiv(*s of (‘cotiomy iiu*o!iHtruction, 
or from the fact that in many cases the* tanks arc* simply rc*mod<*l(‘d agita¬ 
tors of some oth(*r type. While a tank of this kind will give* fair r(*siilts 
when working on a pure slimes, in alksliming pra(*tice wht'rc* a large* per¬ 
centage of material consists of fine angular grains of sand, trouble is 
bound to be experienced in the close* packing of thi*se* particle's. In fact, 
I believe that the greater part of the^ dilfie*ulty (*n<*ount(*re*d in this 
system of agitation is due to the re*aHon that the* prope*r ratio o! width to 
height has been neglexited in the^ construction of the* taiiks. 

With respect to the Dome plant, and taking into consideration the 
all-sliming method in use there*, I do not se*e‘ how any olht'r syste'm would 
handle successfully such a hcuivy pulp, e*on!aitung, as it, ce*rtainly must, a 
large percentage of angular, fast-settling parti(de*H. Mc*e*liaiue*al agitation 
under the above conditions would entail an e*xt.reme*ly high rc'pair cost, 
resulting from the strain on the machinery. The only alte*rnative^ to the 
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present treatment, it se(uns to nu‘, would be to divide the mill produet 
into sand and slime, and treat ea(‘.Ii separately, (considering the mattiu* 
from this viewpoint, and from the fact that the time s])ent in leacdiing 
would be offset by a lower power (‘.ost, I do not see why the old('r method 
would not be siKUiessful. 

As regards amalgamation, T am (piite in attcord with Mr. Megraw; it 
appears to me unneciessary. 


Kingston, Ont., 1, 1912. 


J. A. R-kid. 



CHAPTER VI 


PRACTICE IN THE BLACK HILLS, SOUTH DAKOTA 

The mineral district of the Black Hills, in South Dakota, has long; 
occupied a prominent position in the mining world, due to the extent of 
its deposits and their original richness. In the early days ores of high 
grade were obtained and as these gradually disappeared, ores of lower 
grade had to be depended upon to keep up production. The ingenuity 
of the metallurgical world was taxed to the utmost in devising methods 
by means of which profits might be obtained from rebellious ores contain¬ 
ing only small quantities of gold and silver. The whole gamut of 
metallurgical methods has been played upon in the effort to treat the ores 
economically. 

Victory of Cyanidation. —Such processes as smelting, pan amalga¬ 
mation, bromination, chlorination, plate amalgamation, all had their day 
and were thoroughly tried, but nothing made any noteworthy success 
until cyanidation was tried, proved available, and applied on a large 
scale to the treatment of the ores. Cyanidation has been the means by 
which enormous quantities of low-grade ores have been made economic.' 
ally available and millions of dollars have been taken from ores which 
by no other means could be beneficiated at a profit. It is probable that 
in no other mining district has cyanidation had a greater beneficial 
effect. 

The first application of cyanide in the Black Hills was at the Rossiter 
plant in 1892, but great and decided success was not demonstrated until 
1900, since which time the applications of the process have increased, 
until at present there is no successful installation which does not make 
use of the process in some form. 

The ores are in the main siliceous, containing silica in the form of 
quartz and in proportions varying between 75 and 90 %. The unaltered 
blue ores contain less than the red oxidized mineral. The blue ores 
contain also an average of from 6 to 8% of pyrites, fine and evenly 
distributed, though some of them contain as high as 20%. In the red 
ores the pyrite has been oxidized to form the iron oxides which give the 
ore its color. Tellurium has been found in some minerals and the exist¬ 
ence of tellurides of gold and silver is maintained by some authorities 
Copper occurs in minute proportions in many of the minerals. At 
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ill the pr(HU])iLit(', but this is bcli(n’' 0 (l to bo duo |)rim*ipally to tln^ (%nps 
used ill dotonatiii^i; tlu^ ehargcss of (‘xplosiv(‘s and from oth(‘r siiuihir 
sources, although coppcT do(ss exist in the orc^. Tlio gohl is in" an (‘X- 
tromcly fine state and is rarc'ly found frcax The orc^s are fairly liard, in 
some instances extremely so, but ther(‘ is also miudi elayc^y mattaaal which 
produces a large amount of colloid slime. All grad(\s of hardiness ar(‘ 
found betweim tlie extremes of clay and (extremely hard and close'- 
grained rock. In most easels tlu^ mineral is heavy, the specific gravity 
of the solids in mill pulp ofteai running as high as 5, while there are many 
graduations under that figure*, all, he)weve'r, be‘ing comparative*Iy h(*avy. 

Dry Crushing at Wasp No. 2. .Otic of the most intcre'sting installa¬ 

tions in the Black Hills is that of the Wasp Ne). 2 Mining (h)., wh(*rc^ a 
flat quartzite devposit c*.arrying extreme'ly small (piantitie's of gold is beung 
milleel at a substantial profit. The e)re, aftcT passing the* usual eTush(*r 
system, is brokem thre)ugh four sed.s of rolls, two of which are* use*el for 
roughing and two fen* finisliing. This (^rushing is all pea-fontieal on the* 
elry ore. AfteT passing the finisliing roll the* mate*rial will ah pass a 
screen having i.in. openings. A large* jireiportion of the* mate'rial is, eif 
courses, much finea*, varying be*twe*(*n fine* sanel, there* be*ing little* slime*, 
and the maximum size* of J-in. Tlie* crusliing is carrie‘d no farthe*r, the* 
ore being treaite*el in this conditiein. This finisheel produ(‘t is stor(*d in 
bins and is elrawn emt as re^quireul to charge* the^ tre*atme*nt tanks. The* 
tanks are charge*d from th(*se* bins by me*ans of a syste*m of b(*lt con¬ 
veyors which r(*(‘edv(* tin* mat(*rial at the* bins and de*livea- itat abeiulthe* 
center of the i.reatmc*nt tanks, where it is distribut.e*d by hand. Tlie* 
l(*aching tanks are six in number, (*ach 32X12 ft., anel heild a little* e)ve*r 
400 tons of ore. 

Treatment by Leaching. The^ e*yanielc* f,re‘atme*nt of this ore* is 
entirely by le'aching. 'Phe^ praed.ice is to add first a bath of solution carry¬ 
ing five pounels KC-N p(*r teiu in sufficie'ut epiantity tei inqire'gnate^ the* 
charge theiroughly anel l(*ave* a solution cov<‘ring of about an inch ove‘r it. 
This bath re*mainH in contaed. with the^ charge* for 12 hours, wh(*n it is 
drained off. Tlie* mixtures of fine and ce>arHe mat(*rial offe'rs little* re*- 
sistance to the* passage of solutions and tlie^ l(*aching rate* is e*xceptionally 
high, which facilitate^s the* treaitmemt to no small de*gre*e*. li; will be* He*e*n 
that this condition of porosity of the ediarge*, also facilitatc's tre*atme*nt, 
for the reaison that air feir aeration of the cliarge* rc'aelily p(‘nt*tra.te*s tlie* 
emtire charge, folleiwing thc^ solution tlireiugli the^ mass. 

After the strong solution lias h(‘(*n drain(*ei off, a we*ak(*r solution is 
added, the^ stremgth h(*ing 2| Ih. K('N per ton, and this tr(‘atm(‘ut is 
continued for 48 hours, the*r(^ heang sewen seqiarate* aelditions of the* 
solution during this time*. A suhsc'epmnt wat(*r wash is giv{‘n in epiantity 
only suffiei(‘nt to displace* the solution hold by the* ore*. The gold-b<*aring 
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solutions from this treatment arc- i.ass.-cl over zine slmvioKS, ti.o resuKing 
precipitate being dried and mc-ll^cnl in a crucihl.- lurnaco usmg o,l r„ol in 

the usual way. . , r , 

Tonnage Estimations.--No atU^inpt is t-o sample^ or (^stimaio the 

quantity of ore handled before it (niU^rs tn^ainuait. all ealeulations Ixaug 
made on the filled tanks before the eyanid(‘ soluiions an^ addcHl In the 
general run of mills this would b(‘ eonsuhaTd iaiilty pra<‘iie<% but in this 
case where the ore is crushed dry and loadinl iul-o tn^atnuaii t.auks without 
any preliminary treatment or s(q)aiation ol an\ kindj it is piohulily as 
accurate as any way could be and is (‘xtrianely si^npl(^ 1 h(‘. tanks can 
be sampled satisfactorily by incatns of tlu* pip<‘ saiuplta, taking a large 
number of tests in different portions of the tank, aiul a good (estimate 
of the weight can be made from it- as W(‘ll as a satislac’toyv sample* lor 
determining the content of the (diargi* in gold and silver. 

The cost of discharging the tanks is low, approximating only about 
five cents per ton. The work is a(a*omplish<‘d by sevi'n men, four of 
whom are employed inside th(^ tank siiov(‘Iing out the idiargc^ through 
bottom doors, and three cmpioycsl in tramming out tia* ears^ whii’h are 
loaded directly under the discharge^ gates, Idie m<‘n insidt* the* tank do 
not have to lift the charge at all, tln^ proecsss h{*ing simply to serapi* tlu^ 
material to the discharge gates. Th(‘ pri^portion (»f moisture* is small and 
the material runs readily enough and giv(‘S no trouble*. Due* to this 
facility the tanks may bo emptiesl in about se‘vc*n hours. The* tanks 
are charged at a rate which giv(‘H the* mill a daily e'apaeity of fdH) tons. 

Addition of Lime. —Lime at thc^ rate* of six peeimds pe*r tern of elry ore* 
is added at the crushers, and is (*arri(*d tliremgh the* crushing systeun 
with the ore, being thus thoroughly mixeat with it. Ida* tn*atm(*nt 
solutions carry about one pound dissoIve*d C’aD, which is suflicie‘!ii to 
protect them against any small a,mount of acid which tin* ore* might 
develop. 

The method of adding lime* H(*(‘niH to me* t{» la* Homc*wliat waHte‘ful in 
this instance, as the ore is not (*niirc*ly realuctal to a fien* state* and it is 
reasonable to suppose that thc^ lime*, at li'ast in piirt, will he* in c^oarse* 
particles. The time of treatmc*nt is not* sufficie*nt tee elissolve* the* coarsen* 
pieces of lime entirely and it is like*ly that an appre*e‘ialde‘ pe*rce*uiagc of it 
is discharged undissolvcd, oec-asioning a slight loss. 1 am eef the* opinion 
that some method of adding the linu* in (*mulHion in the* eiuantity actually 
required for protection might ressult iti a slight n*ducti<m of the* (*ceHt of 
lime used. A hint would be to consid(*r the^ me*!hod use*d at the* Ilome*- 
stake mills for adding lime to the* l(*aething tanks. While* tins me‘tfK)d 
might not be applicable in exactly the* same* form, some* simple* variation 
of it might be productive of good rc^sults. 

The extraction averas*es ^.KAnf 7m?/ 
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sometimes a little more and occasionally a little less, depcmding on the 
grade of the ore handled. Tlu^ cost of the treatment is excc^ptionally 
low. The entir(‘ costs of the operations are: Mining, r)3.48(‘,. per ton; 
milling, ()().82c. ; g(m(u*al (^xpeus(', 4,350. The principal itcnns in the mill¬ 
ing cost are: Labor, 21.3 (l ])(t ton; cyanide^, ().3c,,* 7Anc, 3.3<‘.; Umo, 
1.2e.; power, 8.4o., and supplies and repairs, 12.Go. per ton milk'd. 

Simple Treatment at Wasp Mill. li. will b(^ scum that» Hie nu'tallurgy 
of the Wasp ore is extremely sim])l('. TIk^ simplicity is probably diK', in 
a great measure, to the fa(‘t tliat the gold is oontaiiK'd in (4eavag(^ plain's 
which are fracturx'd and opi'in'd by the coarse crushing, thus exposing a 
maximum quantity to tlu^ action of (*yanide solutions. Besidc's, tiu' ro(‘k 
itself is porous and tin', solutions (‘an rc'adily ('nt('r and act upon a, 
large portion of the gold, bringing it out, without entailing thc^ (expense' of 
fine crushing. 

A large numbc'r of ('xperiments hav(^ bcH'ii made on this on' by com¬ 
petent metallurgists in onUn- to determiin^ wlnhlu'r an ('(‘onomical higlu'r 
extraction could be obtaiiu'd liy grinding fiiu'r, but tin' coiu'lusion has Ix'en 
that tln^ maximum profit is lieing obtained by the systc'in now followc'd. 
The on' carrit'S only about $2 ixa- ton and will not st.a.nd a, higln'r opc'ration 
oxp(ms(^. It is lik('ly fliat tlu'rc^ an' hnv c^xamph's of a similar natun' in 
existence' whc'ix' a profit ranging from 50 to 75c. pea- t.on (*.an IxMibtaim'd 
on ore of this low gold content. 1 have' S(‘('n oiu' othc'r ('xamplc', a 
M('xican miiu^ which (uintaimul an on' having a good gold couU'ut. 
The ore was so porous that piecc^s J in. in siz(^ would n'adily surnmd('r 
their content to weak (*.yanide solutions, but this orc' was in tlu^ surfaces 
zone of a vmi and was soon (^xliausUnl. 

Wet Crushing in Chilean Mills.- -An (‘xamph^ of (conditions difTccring 
from those obtaining at tluc Wasp is found at tluc mill of thcc (ioldi'u 
Reward Mining (h). at Dc'adwood. This company owns minces in 
(lifb'rcent districts and tlue ones dc'livc'rcxl at tine mill for t.rceatmc'ut differ 
widely in characU'r. Bonne of tluem are hard, whihe othc'rs an* n.t tin* 
other (^xtrenne^ of tfu^ scale', bc'ing soft and clay('y, many variations bc'- 
tween the two b(4ng HubmitUnl for tnuitnumt. Th(' on^ is d(‘liv('r(*d to 
the mill in railway orc^ cars and is always car(4ully wc'igln'd Ix'fon^ Ix'ing 
put into the mill bins. Tln^ ore is cruslnxl dry through a S(U-i(‘S of crusln'rs 
and rolls, an automatic samph' Ix'ing tak(‘n during the protx^ss whi(‘h is 
reducxxl in a small crushing roll, put through sev('ral (|uart('ring sampl(u*s, 
and finally divided in a small hand sampling machine', which d('liv(‘rs a 
sample appropriates for assaying purposexs. Tlu'. ritjc'ct from tlu^ sampling 
all goes into the mill bins with tlui milling ore. 

From the mill bins thc^ orc^ is takc'U to chih'an mills of tlu^ modc^rn, 
high-spc'cd type, making 30 r.p.m., and is milk'd in (^yanide solution. 
The feeders for these mills are similar to the (?hall(mge fcxxlers used for 
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feeding stamps, but are continuously moved by power, belt and pulley, 
and the feed is arranged so that a practically continuous stream of ore is 
fed into the mills. The ore is milled to pass a 16-mesh screen. 

Pulp Classification.—From the Chilean mills the pulp goes to drag 
classifiers of the so-called Esperanza type, which differ from the Dorr 
machines in that the series of scrapers is connected to a link belt, which 
moves continuously over sprockets, large at the slime-discharge end of 
the machine and smaller at the sand end. These machines^are more or 
less efficient, but the general consensus of opinion among those who\se 
them is that the absence of the reciprocal motion, which'is obtained in the 
Dorr machine, allows more slime to be carried over with sand product. 
The reciprocal motion of the latter seems to turn over the sand, loosen it 



GOLDEN REWARD MILL. 

and offer facilities for washing out the greater portion of the slime mixed 
with it. 

The separation of slime and sand is about half and half, the sand being 
delivered into leaching tanks, each 20X10 ft., where it is treated in the 
usual way by successive solution washes, followed by a final water wash. 
The slime is passed through Dorr thickeners and pumped into slime- 
storage tanks, the simple passage through the thickeners being sufficient 
to dissolve the economical maximum of the contained gold. 

Vacuum Filtration.—From the slime-storage tanks the pulp is drawn 
by gravity into the Moore filter at an average dilution of about one of 
solid to IJ of solution, this rate varying with the exigencies of the oc¬ 
casion. The Moore plant contains two 40-leaf baskets, each leaf measur- 
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in^ ()X8 ft. A (‘.a,k(^ is fonmul on the leaf in from 40 to 60 minutes, 
dependinA* on tlu^ (‘onditioii of thc^ heaves. Tlie cake is washed with 
solution and wa.t(‘r and (lis(^har^*ed following the usual practice, the 
ai)plication presenting no noviUhss. 

The ])r()p()rtion ol (*()lloid slinn^ (existing in the pulp makes it par¬ 
ticularly appli(*al)l(^ to filtrafion by this system and efficient results are 
procured with (a)mparati v(^ Tlu^ problem of filtration is not a simple 

one in any cas(^ and it c.annot said that any of the processes in use at 
the pr('S('nt iinu^ approxima,t(^ ])(‘rf(M*tion to any great extent, but by apply¬ 
ing the ma(‘hine a,nd nudihod bc^st ada])t(ul to any particular ore fairly 
satisfactory n^sults may Ix^ obtaiiuxl. 

The or(‘S tix^atcMl a.t this mill vary widely in grade, running from a 
minimum of about $5 pcx' ton to a maximum of about $12. An averages 
extraction of sliglitly inidcx' 80% is obtaiiunl at a cost of less than $1.50 
per ton milled. Thc^ limc^ usc'd in trcaitnKmt, the quantity varying with 
the ore at hand, is a.dd(Ml a,t tla^ (‘rustxTs and amounts usually to four to 
six pounds p(‘r ton milhxl. The milling capacity is al)out 275 tons p(u* 
day. 

Th(‘ pracdici^ (T th(‘ (Joldtui H.(‘ward mill is typical of ,the nnxlern 
tendency to mill in <*,yani<h' solutions, in this (‘,ase the strength being about 

11). K('N per ion, and although tlx^ mill is old and not particularly w(‘ll 
adapbul hir sixairing low operation costs, the work is mwtTtlieh^ss 
efficiently doiu^ and tlH‘ costs, undcT tlx^ circumstances, do not sexun to Ix^ 
exorbitant. 

Experimenting with Roasting Process, -d'he (lolden Reward company 
possesses a large* (puint.ity of or(* which has resisted tlui efforts of met¬ 
allurgists to trexit it by any of th(^ straight milling pro(;esses and an (Tfort 
is now Ixung made* to rc*ndeu' it amemable* to eiyanidation by giving it a 
preliminary re)ast. lCxpe‘rimemts have shown that after beung re)asted 
the ore is ame*nable^ to e*.yanidation and high e*xtra(*,tions can l)e e)btained 
without exce\SHive eorisumption e)f e^yanieU) or e)ther chemicals. The 
ce)st of re)asting will ne)t be^ e‘xe‘.(*ssive as it is proposed to utilize) the sulphur 
content as fue*l as far as possible*, thus re^elucing the consumption of 
e)xtraneH)Us ftn*I. 

A roasting furnace* is ne)W in course) e)f ere‘ction anel will be in operation 
in the ne*ar future. The reisuli-s obtained by this ele^parture in metallur¬ 
gical practice will be) awaite)d with interest. 

Wet Crushing through Rolls. ’Anothe)r mill e)m])Ioying a we)t crushing 
pre)cess and using cyanide solutions throughout is that of the Trojan 
Mining Co. at Portland, probably otm e)f the most moelern installa¬ 
tions in the Black Hills. Tliis mill fe)rrne)rly was the) property of the 
American Eagle company, but was ae*(iuired by the Tre^jan company anel 
remodelexi to suit modern practice. The ore) from the mines is dumped 
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into bins at the crusher houses and from these l>ins is drawn over 
grizzlies, the undersize going to a belt conveyor, the oveu'size passing 
through gyratory crushers and them joining the uiuhirsize on the bolt 
conveyor. This conveyor has a slope of about 16° and dedivers ore into 
mill bins having a capacity of about 450 tons. An automatic sampling 
arrangement was at first installed to cut a sampler from the ore stream 
falling into the bins, but the arrangtmumt did not giv(^ a rc'prescmtativo 
sample and was dismantled. 

The ore is drawn from the mill bins and fed by disk huiders into two 
sets of crushing rolls, strong cyanide solution laung added at this point. 
These rolls were probably not inbmdcal for wet crashing, for tlu! housing 
leaks a good deal and the almost constant attemtion of an attendant is 
necessary to keep the leaks stopixal up. 

The product of the rolls flows through a launder lo two Monadnock 
Chilean mills, each sev(m feet in diam<'t,('r. Th(‘.s(> mills ga,ve .sonx! trouble 
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due to slight mechanical imperhuitions, but the.s(! havt; b(;en remc'dicd 
so that the mills now give good rewults. Tlie prodmd, of tlui mills is 
elevated to Dorr classifiers where tlu* sand and slime ar(! s(‘[)arated. The 
sand is delivered to 2()0-ton leaching tatd<s, 28 XK ft., throiigh automatic 
revolving arm distributors. Tlu; sand treatment pn-sents no novelties, 
being the same as that usually followed in the. distried. 

Air Agitation of Slime. —Tlu^ slinui from the (dnssifiers is taken to 
three tanks for air agitation, tluise tanks Ixung saul to he of tlie 1‘achuca 
type. They measure 17 ft. 6 in. in dianuder and Hi ft. in height, and it 
will be readily seen that they differ a gr<!at dmil from tlu? Ikiehuca idea in 
their proportions. A true Pachuca tank should have? about 40 ft. of 
height for a diameter of 15 ft. and tlu; d’rojan tatdes hav(t a greater 
diameter with much less height. 'J'hey an', howevcir, doing excellent 
work. The dilution of the slime under trciutment is about 1 or 1|: 1, the 
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object bcnng to inaiiii-aiu a fairly thick pulp suitable for subsequent 
filtering. 

A detail of i-a,uks vvhic^li is of interest is the central air-agitation 
tube, wlu(‘.li is not. ti tube at all, but a succession of cone sections set one 
abov(^ anotluu* through tlu^ entire height of the tank. The idea is that, 
whatev(T the laught of tin* pulp in Uio tank, it can be successfully agitated 
because the central i»ub(^ will dis(‘.harge itself at almost any point. 

The slime trc^ai numt is continuous through two of the agitation tanks, 
the slimes from th(‘ first one Ixung transferred either to the second or third 
tank, as (l(\sir(Hl, by air lifts, and from these secondary tanks it is drawn 
off into the filbu- ])lant. 'Tlu^ average agitation time of the slime is fiive 
to six hours, no solution Ixung decanted but the entire pulp going to the 
filter. 

The solution hxl into th(‘ primary crushing rolls with the ore averages 
three pounds of K( -N p(T ton and is added in the jnoportion of four to six 
tons of solution to on<‘ of ore. The sand in the leaching tanks is treated 
with this sanu^ solution for about threat da,ys, and this treatment is 
followed by f.rc^at.ing two days wit.h W(uik solution, which has been 
precipitat(Hl, (amtaining about otn^ ])Ound of KC'N per ton. A light 
water wash is givtm l)(dor(^ dis(*harging the sand, the treatment usually 
extending ov(‘r about fiv(^ days. 

The filter is tlu^ ordinary Buttcu-s stationary, S(uni-gravity type whhih, 
while morc^ or h^ss sat isfatd.ory, entails a high cost for pumping pulp and 
solutions, f’rom t h(^ filter tl)(^ solution effluent from making cake is sent 
to the pr(H‘ipitaiion dc'partnnmt, the weak barren-solution wash and the 
water wash not being f)reeipitated. 

Pr(icipitation is accx)inplish(‘d in tlu^ usual way, using zinc shavings 
and th(^ ordinary form of HtcH‘1 box. d'he boxes have a total capacity of 
384 cu. ft. of zinc. At thc^ (tcxinn]) tlu^ precipitate is run into an acid- 
treatnnmt taidv whc‘rc‘ ih(‘ sulpluiricHicid prexioss, customary in tlu^ Black 
Hills plants, is carricxl out. Tlx^ precripitate is collected, dried, partly 
roasbul, fluxcxl and mt'ltcxl in cru(*ibles in a coke furnace. 

The caf)acity thc^ Trojan mill is about 175 to 180 tons per day, but 
steps arc‘ Ixang ta,ke*u to iucux^asc' this tonnages materially. The extraction 
secured by thc^ combincxl slinu^ and sand treatment is in the neighborhood 
of 75%, somciwhat mon^ on tli(‘ slime than on the sand product. 

Unusual Crushing Practice. -Tlx^ practice^, of (pushing with (;yanide 
solution tlirougli rolls is not usual, although it is practised in a few cases 
and in oru* oilux’ instancx^ in this district, as will be noted. It has been 
productive^ of gocxl rfxsulis, probably diui to the increased time of contact 
betwexm tlx^ on^ and cyanides solutions, and the agitation secured in the 
rolls and chihxm mills. 

The ehilcxm mills arc‘ cdlicieni cruslnng machines and arc capable of 
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handling large quantities of ore, but being high-speed machines they 
naturally incur a maintenance cost which is high compared to the results 
obtained with slew-speed mills. In this connection it might be men¬ 
tioned that the Minnesota mill, at Maitland, is equipped with slow-speed 
mills of the Lane type, and it is claimed that these mills have demon¬ 
strated their ability to crush an equal or greater quantity of ore with less 
expense both for operation and maintenance. 

The Chilean mill is said to have been introduced into Black Hills 
practice by J. V. N. Dorr, who first installed them at the Lundberg, Dorr 
& Wilson mill and afterward included them in the design of the Mogul 
mill, where they gave good results. The Mogul mill was recently 
destroyed by fire and rebuilding is now under consideration, but the new 
plant will probably be built on a site more convenient to the mining 
properties owned by the company. 

Dry Crushing of Hard Ores.—As an example of extremely hard ores 
found in the Black Hills district, the material handled by the Victoria 
mill in the Spearfish Canon region may be mentioned. The ore here is 
extremely hard and the mill equipment has been designed with this 
characteristic in view. The ore is delivered into the mill bins by a tram¬ 
way and from these bins is passed through a gyratory crusher which 
delivers a product that will pass a IJ-in. ring. This crusher product is 
passed through a set of rolls which delivers a product having a maximum 
size of I in.; the crushed ore drops into a 100-ton bin. 

From this bin the ore passes a set of fine-crushing rolls and through a 
trommel, carrying 6-mesh, No. 14-wire screen. The oversize from the 
trommel passes to a second set of fine-crushing rolls, and through another 
trommel like that already mentioned. The oversize from this trommel 
goes back to the same rolls and the screened product from both trommels 
drops into a finished-product bin having a capacity of 200 tons. 

The ore is so hard that its passage through the rolls is accompanied 
by a great deal of noise which sounds much like cannon shots, but the 
rolls handle the material in a satisfactory manner without undue wear. 

The finished product is drawn from the bin and taken to leaching 
tanks by means of a belt-conveyor system. The conveyor deposits the 
ore into the center of the leaching tanks, each 27J ft. in diameter by eight 
feet deep, with a capacity of about 200 tons, and the distribution is by 
hand. 

Leaching is practised in the ordinary way by first treating with a 3-lb. 
cyanide solution, for 72 hr. During this treatment about 70% of the 
gold content is dissolved. An additional 10 or 12% is obtained by 
leaching for a further period of 48 hr. with cyanide solution containing 
1| lb. KCN per ton, the latter being finally displaced with a minimum 
water wash. 
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Precipitation on Zinc Shavings.—Precipitation is accomplished in the 
usual way, using zinc box(\s of the ordinary type made of sheet stcnd. 
Therc^ arc two six-com])artment boxes, each compartment mcnxsuring two 
by three feet, hlach (U)mpartment is conmuited by a pipe to a main which 
leads into the acid-t>r(uitm(mt tank. At the cleanup tlu^ zinc is thoroughly 
washed and the prcnapitate, afba* s(‘.ttlement, is drawn tlirougli the pip(\s 
directly to tlu^ acid tank witliout further handling. Tlu^ a,cid tank is 
lead lined and furnislKul witli a hood by means of which thc^ gas('s g(m- 
erated are carried off. Tlu^ acud-trcaited product is pumped through a filtca* 
press and washed. This ])recipitate, after Ixung partially dri(Ml and mix(Hl 
with the usual borax-soda flux, is itu^lhul in graphihi cru(‘ibJ(\s. llie 
resulting bullion is a littl(^ more than 900 fine, of which 50 is silver. 



DOUR AND Wll.HON MII.D. 

The ore tnadcul at this mill varies in valu(‘ from W to $7 p(‘r ton. 'I'he 
mill has not Ixhui in o})eratiou for asuflicicait tinu^ to standardizes thc^ (‘osts, 
hut it is exp(‘(*t(Ml that thc^sc^ will not average higluT than those^ obtaimal 
at other similar ttiills in tlu^ distriedi. Tlu^ mill is at prevsemt ire^ating about 
200 tons pc^r day, peTluips tlu^ avcTagc^ I)eing a little^ und<*r that figures 
A Mill of Historical Interest. At ''Fe^rry is situatcul tlu^ Lundbe^rg, 
Dorr Sc Wilson wedr-crushing (‘yanide^ mill, owrual l)y a partiUTsliip 
com])os(Hl of John Lundberg, J. V. N. Dorr and A. I). Wilson. For 
several rcuisons this plant is uniepuN It was started in January, 1904, 
and was the first mill in tla^ world to opcTatc^ continuously and succu^ssfully 
a leaf-filter plant. It was in this plant that the first filter plant d(‘sign(Ml 
by George Moorf^ was instalhal, its difficulties encotmh^red and ov(t- 
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come; the original plant is today operating and doing good work A In 
this plant also the well known Dorr classifier and the equally well known 
Dorr thickener were developed. In addition this was the first plant in 
the Black Hills to use the improved Chilean mill for crushing in cyanide 
solution. The plant has operated steadily since January, 1904, except 
during the labor troubles of 1907 and 1910, and it has the best record for 
continuous operation of all the Black Hills cyanide plants. The mill has 
a capacity of 110 tons per day and, due to the fact that it is treating 
custom ores as well as ores belonging to the partnership, few details of the 
practice have been made public and no information as to costs has been 
given out. 

The ore from the mines belonging to the company is held in three bins 
having a capacity of 135 tons and the custom ore is dumped from mining 
cars on the Chicago & Northwestern R.R. tracks in the rear of the mill 
into bins holding 80 tons, from which point it is trammed to the crushers. 
After passing over grizzlies with openings of 14 in. the ore passes through a 
Gates gyratory crusher and thence to a 12-in. vertical belt elevator which 
delivers it into a 75-ton crushed-ore bin. As the ore drops into this bin 
an automatic sample is cut from the stream. 

Wet Crushing Rolls.—From the crushed-ore bin the material is fed 
by a cam feeder into a Carterville geared roll together with solution 
carrying IJ lb. KCN per ton. The solution is run in sufficient quantity 
to sluice the product satisfactorily through a launder into the Chilean 
mill. This product, which will average about | in. in size, passes to a 
6-ft. Monadnock Chilean mill, and is reduced so that practically all of 
it passes a 30-mesh screen. At this point sufficient clear overflow from 
the thickeners and cones is added to bring the quantity up to three or 34 
tons of solution to one of ore. 

The ground product from this mill is taken to a standard Dorr classi¬ 
fier, the sand product of which passes to one of four leaching tanks, 
each 18 ft. in diameter by 11 ft. deep, holding 105 tons of sand. In 
addition to the 32 hours required to fill each tank, the charge is given a 
further 12-hr. treatment with mill solution. The balance of the five-day 
treatment is with barren solution carrying 14 lb. cyanide per ton, fol¬ 
lowed by a weak-solution treatment and finally a minimum water wash. 
The leaching rate starts at five tons per hour and gradually diminishes 
toward the end of treatment at which time it is one to 14 tons per hour. 

Slime Treatment.—Slime from the classifier, which amounts to 50 
to 55% of the dry weight of the ore, is divided between two cones, one 
18 ft. in diameter and the other 22 ft., and one standard 18-ft. continuous 
Dorr thickener. The two cones are kSo placed as to give a gravity flow 

1 This mill was closed down late in July, 1913, which was subsequent to the date of 
the present article. 
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( 3 f clear soluUon to roll supply tank whik^ ovta-flow of the t]rH‘k- 
ener go(‘S to the ehilcain mill. TIk^ thiekcauHl slinu^ (‘ontainin^* about 55% 
moisture is transha-nal l)y air lifts from tlu^ l.hic'kcaua* a,ml tlu^ LS-ft. eom^ 
to the 22-ft. eoiu\ From the lattca* it go(\s i,o a. small (*on(‘ a,gita,tor and 
into the loading va.t of tlu^ Moor(‘ hltca*, usuaJly (*a.rryin^ a,bout 55% 
moisture and containing from fiv(' to 10% of —2()0-m(\sh inateriaJ. 

First Moore Filter. This original .Moore hlUa' ])hud> was desigiual in 
th(‘ beginning to handh' 50 tons of slim(‘ j)(M-da,y, but itha,s Ixaai (‘rowdcal 
until it now handh^s (>() tons daily, using l,wo baskets. With minor 
changes in th(‘ construction of th(‘ plan!. a,iHl a(‘lKing(‘ in i.h(d)ot.lom of om^ 
tank the installation is practically thc^ sainc^ tochiy a,s whem it was dc^sigmal 
in 1905. 

Tlie cratu^ for th(‘ l.ransha* of ba,sk(‘t is opcu'etcal by watca-a-t 105-Ib. 
pressure, tlu^ water lading ])ump(Hl into a,n aecaimulator. It givers little 
trouble and (‘osts almost Tiothing for mainUauuuHa Tlu^ mill solution 
and most of th(‘ barrcai-solution wash from tlu^ filUa’ pro(*(‘Ss and sand 
leaching go to i-h(^ gold ta,nks a,nd arc^ prcM'ipitatcal. Solutions assaying 
l(‘ss than $1 ])(T ton arc^ not pr(H‘ipitat<(al unhsss tJa^ t-nait-nHuit ha-ppcais t-o 
demand additional barrcai-solution, or th(‘ supply of high~gra,d('solut ion 
is insullicicait to kca^p tlu^ prea^ipitation dc^partnuait busy. 

Tlu^ solutions ar<‘ prcatipitaUal by m(\‘ins of zim* shavings. In tiiis 
plant barrels havc^ always bcHuiuscal insUaid of zinc*. boz(^s, tlu‘plant ha.vitig 
a toiial of 50 barrels in 10 rows of threat caudi. Th(\v arc^ ekaamal up twicu^ 
a month, th(‘ ruk‘ b(‘ing to take* all th(‘ (a)nt(‘uts of th(^ luatd bariat, f)art 
from tlu^ s(aa)nd barred and st.ill l(‘ss from the third barred, sorting all the‘ 
ce)arse zinc*, and redairning it to the^ seaa)nd barred. The* fine* zine* a?ie! 
preadpitate thus sorteal out a-re^ ])laea*d direadly in the^ a,edd tardv. Ida* 
barre‘ls are* all me)veal up one* st.c*p, the* se‘e*e)nel l)a,rre*l bed’ore* edeaming up 
hea^oming the* first and the* first barrc*l moveal down t-o the* foot. The* 
scaa)nel barre*l, now the^ he*ad of the* se‘rie‘s, is re*pae*ke*el, tlie* ne‘xt partially 
re*packed; all of the* fine* rtiiate*rial takc'U out is put in tlie* acid tank. As 
the (*k*anu{) usually ceinsists eif alieait 100 lb. of dry produed., all the figure*s 
which feilleiw apply te> a e‘le‘anup of that size*. 

Te) the* pre>eluc*t in the^ ac'iel tank 415 lb. of comme*re*ial sulf)hurie^ acid 
are* aeleleal and atle)we*el to re‘main in cemtaed. for six to se‘vc*n hours, or 
until eduunical ae*tion has n(*arly (a*ase*d. Wate*r in eapial ve)lumcFis the*ti 
addeal and the* ea)ntents are* he*at(al with live^ ste‘um anel allowcal to stanel 
10 e)r 12 hr., usually ovc*r night. The* following me)rning the* se)lutie)n is 
siphoned into a sc*ttling tank whe‘re* aeiy floceademt !nat.te‘r is s(*ttk*el. An- 
oth(‘r wateu' wash is adek‘d a-nel live* ste*am again introeluea'el to he‘at the* 
(diarge the)re)ughly. The* e*liarge* is the‘n alle)we‘el te) stand about a,n hour. 
The cleair solutie)n is drawei e)fl‘ inte) a vacuum tardv ami filte^rc'el. Whe‘n 
the acid tank is ne*arly empty tfie^ e*ont.e*ida are* ene*rgedle*ally stirre*el to 
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bring all of the product into suspt'iisiou and the (‘harg(^ ivS traiiisferred to a 
vacuum tank and filtered. 

When the moisture contained is brought down to 4 or tlu^ product 
is taken from the tank, broken so that no pi(MH‘ is largca* than a I-in. cube 
and placed in flat, iron roasting pans, pans ar(‘. ])lac(Hl in a soft- 

coal furnace and the fire is started. The funuKu^ has a total cai)acity of 
four 18X3-in. pans in two layers; to two liours' tini(‘ is suflicicmt to 
drive off nearly all the zinc, and tlu^ r(\sulting bullion is (comparatively 
clean. The product in the pans is not. toiuduHl or st-irnal during tln^ roast¬ 
ing and experiments have provcnl tluit metdianical Ioss(\s ar(‘ thcTc^by 
eliminated. The size to which tlu^ product is brokem is small (amugh to 
insure a good clean roast. 

The roasted precipitate is placcal in a No. H)() graphit.e cru(*.ible in a 
coke furnace together with five to sewam pounds of flux composcHl of f 
borax glass and I sodium carbonates Mtfiting is usually (*.ompl(4.ed in 
about hr., using 80 to 100 lb. of (a)k(^ Tin* I)ar is poured into a bullion 
mold as it is not necessary to nunedt. Thc‘ n^sulting bullion is 950 to 
970 fine. Bars have bcnui made as high as 98*1 fim% but tlu^ avtu-age is as 
stated above. 

Although the mill was l)uilt sevtm years ago it is kc^pt in tlu^, b(‘st rc^pair 
and is still uptodate in most of its fc^aturt^s. Tlu^ machiniU'y is drivtm by 
electricity throughout, using alternating current n,t 440 volts; a total of 
104 hp. is used. 

Other Mills in the District Among i\m mills now opt^rating in the 
Black Hills district may be mentioned tlu^ ntnv Il(4iancu‘, whi(di has just 
been remodeled and has startol opc^ration alotig linens unusual in thc^ camp, 
treating slime by a (Hnitinuous d(H:antaiion pnaa^ss and making use of 
Dorr thickeners for the purpose. This mill lias also installed a Portland 
continuous filter for filtering the slimc! tailing. Th(^ mill lias bcum in 
operation only a short time, rcunodtding is not. ytd. comphde^ and no 
information is available for publication. 

The Bismark Mining C'o. is building a mill m^ar tin* Wasp No. 2 in 
which the syst(un of tn^atnumt will lie idiuitical with that of th<^ latter. 
The mill is approaching compkition and should b<* in opi^ration in the 
near future. 

In this paper no numtion has beam madc^ of tin*, metallurgy of the 
Homestako installations. This is a matt(T which is ho (‘xtensivc^ that it 
should be treated alone and I hope in a lahtr pap(*r to discuss that practice. 
The Homestake is treating ores on a sc^ah* which is not ecpialcMl at the 
present time and has attained an astonisliiiigly low cost for mining and 
milling. An ore of low grade is being tniatcul and ifu^ nudhods, original 
in many instances as thc^y are efficient, are a lasting (credit to tln^ cua^rgy 
of the technical men who are responsible for tlieir demising. 
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There are many mills in the Black Hills which are not now oi)eratin^, 
but it would serve no useful purpose to speak of these at the pre^sent time 
in spite of the fact that some of them may resume opcu'ations in the nc^ar 
future. 

Conclusions.— It is with no little hesitation that one ventur(\s to call 
attention to details in the practice of this district which seem capa])le of 
improvement, in vmw of the fact that capable operators have studi(Hl 
the problems and undoubtedly arci aware of the solutions of tluan evcai if 
they are not put into pracdacc^ at the present time. A litth^ criticrism, 
however, may be h(4pful from a constructive point of vicnv and the hnv 
su^| 2 :estions that I venturer to makc^ ar(^ offered in a friendly spirit, with a 
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desire only to add a little^ to the prcnscuit pra-cdlcc^. It is possibles that a 
perspective view may be appreciahal by thos(^ whos(^ vision has Ixam 
limited by long (u)nta(d/ and short focuis. 

The first irnpre^ssion is that in f(^w of tlu^ opt^rating plants is th(n*e any 
efficient means of estimating with accuracy the tonnages trc^atcal Thc^ 
importance of the point will be natdily a[>preciated by tlioscj fatniliar with 
the problem, so that it needs no discaission. It will bc^ suflitrumt to say 
that mill estimations are not Bufli(‘i(mtly ac,(nirat(i upon whicdi to basc^ 
comparative calculations excerpt in such extra,ordinary castes as has al¬ 
ready been tmmtioned in the Wasp No. 2 mill. A systcati of W(^ighing th(‘. 
mill or(i, while expemsive to install, will repay, in information acciuired and 
in satisfaction, any financial outlay wliicli may be iKiCtissary. 

The same is tru(^ of sampling. Sampling plants ar(^ (^xpemsive to iiistall 
but are productive of miudi good. In some mills in th(^ district samples of 
mill run are taken by nuutns of a larger edewator buck(».t fixed to a cJiain 
belt which periodically crosses the stream of orc^ falling into the mill 
bins. This d(wi(‘.e is more than lik(dy to giv(i erratic nvsults. Tlui 
area of the bucket opening is too small, and large pierces of ore striker the 
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edges of the bucket and bounce off, leaving a sample which is not repre¬ 
sentative. Often the capacity of the bucket is not sufficient to hold the 
entire quantity of ore which belongs to it and it piles up and overflows, 
again resulting in an erratic sample. I believe it is recognized that to 
secure a proper sample it is necessary to take.the whole stream of ore at 
regular intervals, the oftencr the better, and to reduce the size of the 
sample by successive operations of the same kind. A part of the stream 
for all or part of the time is not sufficient and leads to a sample which is 
not accurate, and this, in the opinion of those who have most carefully 
studied the subject, is worse than no sample at all. 

Crushing Hard Ore with Rolls.— The practice of crushing through 
rolls in this district should be an object lesson to some metallurgists who 
have maintained that rolls are not adaptable to hard ores. Some of the 
roll installations here are crushing extremely hard, close-grained ores and 
doing it efficiently and at low cost. The controversy as to the supremacy 
of rolls or stamps might receive considerable light if a thorough comparison 
of the different practices in the camp were made. The greatest difficulty 
is that only one company, the Homestake, is using stamps, and this is 
on such an enormous scale that the extremely low costs obtained there 
cannot be compared with those obtaiiu^l l)y rolls on a much smaller scale. 
The Homestake mills are treating mores than 4000 tons daily and by 
reason of the extent of the operation are al)le to institute economies 
which would be impossible in smaller plants, the largest of which treats 
but 500 tons daily. Comparison of results without a long period of 
study and analysis is obviously out of the question. 

High-speed Chilean mills arc opc^rated in a number of plants and are 
giving good results. I have for souk^ tinu^ belicwed that the slow-specd 
mill is capable of giving more economical rc^.sults and a comparison of the 
cost of these and the cost obtained by tlu^ slow-speed mills at the Minne¬ 
sota mill would be of greatest interest. In vi(‘w of the fact that the latter 
will probably begin operations soon I hope to sec this comparison made. 

The use of lime is accompani(^d by some losses which might possibly be 
avoided by some slight change of method. This is typified in the case 
of the Wasp No. 2 which has already been mentioned and a similar 
procedure is followed at some of the other mills. The use of lime should be 
carefully watched, as it has been clearly proved at the Homestake that 
excessive lime has a retarding (^ffe(‘.t on the solution of gold in the ores of 
the Black Hills. 

On the ores in general it is said to ho true that fine grinding increases 
extraction, and where the ores have sufficient value to justify additional 
expense it would seem to be good business to determine accurately at just 
what point grinding can be carried to return the maximum economical 
extraction. 
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THE LIBERTY BELL MILL, TELLURIDE, COLORADO 

The mill of the Liberty Bell Mining Co. is situated near the town of 
Telluride in San Miguel County, Colo. It is an old mill, operations 
having commenced in 1898 and continued up to th(^, present time wii»h 
only a few interruptions due to reconstruction and improvement of 
the plant and the unavoidable loss of time on account of labor trouldcvs. 
The mill began operations with 10 stamps and the scale has gradually 
been increased until at present thc^re are 80 stamps in opc^ration, crushing 
a totjd of about 485 tons of ore per 24 hours. 

Type of Ore."— The ore consists of quartz or calcite, l)and(ul, occurring 
either alone or togctlu^r, and often having bimclu^s of the f(4dspathic 
country rock. The vein matcuial is gcuuu'ally fracdiured ahd (contains larger 
quantities of clay which produces a colloid slirm^ in the milling pro(;ess. 
The ore is not hard and milling is comparatively simple. 

C'yanidation was early installed. In 1899 an experimental plan!, was 
built and tested and, success having been demonstrated, a 250-ton k^aching 
plant was erected in 1900. It was soon shown that a Bubstantial profit 
could bo obtained by this method, although at that time it was about the 
lowest grade of ore being profitably handled by such process. ('Onditions 
were facilitated by the delivery of power from the jilant of tlu) Telluride^ 
Power Co., which had just begun operations. .All th(^s(% conditions aidcnl 
in securing the satisfactory result which has been continuously improved 
upon up to the prc^simt tiim^. 

Ore Breaking. primary crushing plant is instalkul at the mine 
and consists of two 11 X 18-in. Blake sectional crushers. The ore is 
delivered above tlie crusliers on to a grizzly having 3-in. optmings. Tho 
pitch of the grizzly is Hte(f), about 52®, in ordc^r to secure a satisfactory 
run of the ore, which is wet, averaging in genc^ral about 8% moisture. 
The crushers break the ore to thc^ same approximate size as thc^. product 
which has passed the grizzly, so that the material delivered to tlie mill is 
sufficiently small in one dircation to pass the 3-in. opeming. It should 
be noted, however, that this is a much diffc^rent thing from passing a 3-in. 
ring, as material having one 3-in. dimension, no matter what its length 
and breadth may be, will go through the grizzly and large slabs of rock 
are frequently run into the mill. 
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miles loui^. eaLIeway (a-osaes a high divide between the mine 

and mill, whi(‘h n(‘(*(^ssita,t(‘s a mon^ substantial construction than when 
the whol(^ lim^ is on om^ a,i)i)r()ximate lev(4. The highest point on the 
tramway is LSOO ft,, higlua- t.ha,n the mill. At the mill a steam-heated 
detention room is provithal, which is usedul in winter for thawing the 
buckets whi(‘h hav(^ IxHui loadcal Indavcxm shifts. Each bucket carries 
about 700 to <S00 lb. of or(‘. 

Amalgamation in Cyanide Solution, are 80 stamps of 850 lb. 

ea(‘.h in tlu^ mill, having a 7-in. drop and 106 drops per minute. Four 
of the fiv(vstanip hatbamns a.r(^ (‘(piippcxl with 12-mesh screen, due to a 
(Uff(axai(‘(‘ in const,ruction, but th(‘ r(\st (tarry 14-m(tsh wire screen. The 
milling is done in cyanid(‘ solution carrying two pounds of KCN per ton. 
Tli(t sodium salt is us(m1 but, tin' r(a‘ords ar(t k('pt in terms of KCN as is 
(tustomary practi(*(t at pr(‘sent. 

In front of (‘a(‘h liv(‘-st.amp batbtry is placxKl a copper amalgamating 
plat(‘, 4 ft'. 7 in. wid(‘ and H ft-, long, with a slope of 21 in. to (aich foot. Over 
this plat(‘ the pulp i)ass(‘s and is amalgamated. This detail is worthy of 
])ariicular aticmtion, aa sonnt authorithss hav(^ maintained that amalgama¬ 
tion ca.nnot b(‘ sne(‘(‘ssrully cta-rried out in cyanide solutions. It is done 
suc(t(‘ssfully at t.ln* Lilxa't-y B(41 mill, (hire and attention are essential 
to good r('sults and a, knowhxlgc* pcxniliar to this particular work must l)e 
ol)taiu(Ml to op(‘rat(‘ it succx^ssfully. 

Tlx^ plai'(*sare maintaitnxl in a ratlxT ^SvcA” states, for if thc^y are run 
fairly dry as is usual wlxm milling in waUa*, ilxy soon become too hard 
and crustcxl to lx‘ of any us(‘ in r(‘cov(^ring tlu^ gold. Keeping the plates 
wet avcxds tix^ (^xetssivx^ harchmiug of th(^ amalgam and allows the 
retention of a larger pc‘rc(mi,ag(^ of fix'! gold. In view of the fact that some 
(luicksilvt^r ami amalgam may bc^ s(*our(Hl off the plates while in this w(A 
(jondition, traps an' us(‘d to n'covcx’ any particdc^s which may escape. 
It is not (‘.lainx'd tliat th(' ('xtractiou umh'r tlmsc conditions is as high as 
wixm th(M)p('ration is (*arri('(l out in watc^r, but the object of the operation, 
which is tlH‘ rc'covx'ry of any t*oars(' gold whitdi might not readily dissolve 
in (;yanid(s is attaim'd and t!x‘ sysb'm has obvious advantage's over milling 
in water whc'rc^ (‘yanidation is to follow. 

When milling is doiu^ in wat(‘r is an appreciable amount of it 
introduccxl itit.o tlx^ ('yaniding sysbau and it follows that an equal amount 
must Ix' discharg(‘d with thc^ nssiduc^s. 

It is almost impossibh' to g(it rid of tlu^ rc^sidual moisture without losing 
some (*yanid(^ atid dissolvcxl m(»tal along with it. To avoid the discharge 
of exetissivt^ moistures wiili n^sidims as far as possible is an important item 
in cutting down lc)srtc\s and by milling in (*,yanide solution, wherever it is 
posaibh^, this disc'hargc^ and its valual)le conbmt is saved to a large extent. 

One dcwelopmeut of milling in water, where that measure seems 
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unavoidable, is the system in use at the mill of the Snmggk^r-Union 
company, where the pulp delivered to the cyanide plant has previously 
been crushed and concentrated in water and contains an (mormons pre¬ 
ponderance of the liquid. This pulp is Iktc^ thickened and then filtered, 
from which point it begins cyanides treatnnait (‘ontaining a minimum of 
moisture. This is a system which cannot be geiKTally r(H‘omm(m(led and 
its use in special cases will be considered later. 

Classification and Concentration. —^The pulp from tlu^ bai.i(u-i(^s is 
carried to Eichards hindered-sc'ttling classifiers, whicdi make a coarse, 
middling and fine product in addition to the sliim^ ovcudlow. Tlu^ latter 
is taken to 6X6-ft. settling cones, the umhTflow of whi(‘h is conctmtrated 
on Wilfley tables, the overflow going to Dorr thickcuKTS. 

The underflow product from the Richards (dassificu's is concemtrated 
separately on Wilfl(^y tables, the tailing going to an Akins (dassifier and the 
middling passing over a Bunker Kill senmn whicdi is fltt(‘d with Kninc^sh 
No. 22 wire screen. The ov(Tsi 2 :e from this scr(‘(m also go(\s to the Akins 
classifier, the undersize Ixnng (‘.onccmtrai.cxl ori a \Vilfl(\y tal)l(^ the tailing 
of which goes to the same cdassifica*. The a(‘Companying flow shend, giv(vs 
the details of the pulp flow and macdum^ry in opca^ation. 

The Akins classific^r delivers th(‘, sand to a 5X22-ft. tiibc^ mill of the 
Abb6 tire type, the mill feed containing about 40% moisturta Tluddis- 
charge from this mill is raised to a diaphragm com^ wlu^n^ a s(‘paration is 
made, the overflow going to a simple (tonc^ and tlu^ underflow from both 
of them going to a second tube mill idcmticad with tlu^ first oiu^ numtioned. 
The overflow from the simple cone, togtdduT with tlu^ produ(*t of the 
second tube mill, is elevated to a second sc^ric^s of amalgamating ])lat('s, 
and from the plates to cones, the underflow bedng 1 (hI to DeistcT slime 
concentrators and the ovc^rflow to Dorr tliickcunu’s. Kidru^y pulp dis¬ 
tributors are largely used in the mill Th(^s(‘ nuudfmes hav(^ ahxaidy 
been described.^ 

The tube mills are of the tire type, whi(4i is (‘.onvemitmt in allowing any 
desired size of inflow and outflow openings. Tn sonn^ cas(\s mills of this 
type have proved more 6r k^ss unsatisfactory, du<' to diflicailty in kc(^ping 
the tires running true on the supporting rolk^rs, l)ut hem this difficulty 
has been overcome by carcvful installation on Inatvy, rigid (‘omu-etc^ blocks 
and the use of a dec^p flange. No difficulty is now expc‘ritm(‘ed and the 
mills run true and without vibration. 

The mills are lined with silex bloc^ks four imdu^s thick s(t on (xlge. 
The lining lasts from nine to ten months without rcuu^wal and th<^ type 
has been found generally satisfactory. In orck^r, liow(W(^r, to take 
advantage of any economy whicli might be availal)ks (^xpcu'imcmts are 
now being made with a lining of the Komata type*, but as yet this work 
^ Eng. and Min. Journ., Nov. 20, 1910, p. 1046. 
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has not been carried far enough to give any conclusive results. Danish 
pebbles are used in the mills, about 130 lb. per mill per day being the 
consumption. The mills require about 43 hp. to keep them moving. 
The feeders are of the usual spiral-dip type. 

There are three of these mills installed, but only two are in rc^gular 
use, the third being held in reserve. This reserve mill is so arranged that 
it can be used in place of either of the other mills when one is cut out. for 
relining or repair. 

Agitation of the Slime.—The Dorr thi(*k(uiers deliver a pulp thickcMUHl 
to about 2 : 1 to the H(uulryx agitators, of which ari' six. '‘Rhe ))ulp 
flow is continuous through the Dorr thickeners and the agitat.ors, (1(‘- 
livering continuously into the (equalizer tank which feeds the fllt.(T, TIh^ 
agitators were originally installed to take advantage of th(^ Hcmdryx 
specialties in cyanide m(d.allurgy, but these having Ixkui found of (iu(‘s- 
tionablc value, were al)andoned and the tanks retaincnl sim])ly as agitat.ors. 
They agitate by (flevating the material in a central tulx^ in the tank by 
means of a propelh^r scrc^w. The system is consid(^red (expensive of pow(a* 
consuming 7 hp. (^ach for the tanks, wliicdi hold about 33 tons of dry 
slime. 

Grinding Requirements. —Diui to the soft and (dayc^y charactca- of ih(‘ 
ore, extremely fine grinding is not necessary. Tlu^ st.ai.cmumt. would 
probably be more acanirate wctc it said tliat grinding tlu^ ore through 
an 80-mesh screen is suffi(uent to reduce it to su(‘.h finenc^ss that it may be 
treated as slime. Th(^ batkuy grinding alone produ(a\s a pulp of th(‘ 
following analysis: On 20 mesh, 2.9%; on 40 mesh, 20%; on 00 nuwh, 
10.6%; on 80 mesh, 7.3%; on 100 mesh, 5.0%q on 200 mesh, 7.0%, a,ml 
through 200 mesh, 40.0%,. After regrinding, the pulp which is subj(Hd.(Hl 
to agitation treatment has tlu^ following analysis: On 80 mesh 7.5%,; on 
100 mesh, 4.9%; on 200 tnesh, 14.2%) and through 200 mesh, 73.4%,. 

The pulp is easy to kcnq) in suspension and is sufficicmtly fnu^ to givc‘ 
the maximum economical (extraction. Tlu^ pulp as trc^ated (H)ntains 
about 30%; of ccfiloid slimes and one of the princi})al probhnns is th(‘ 
handling of the product and inducing settlement. In order to ])rom()i(‘ 
satisfactory s(4tlcunent a milk of lime is pr(q)ar(id and added to 1.h(‘ 
inflow to the Dorr thic^keners, an average of Bovtm or (‘ight pounds p(‘r ton 
of ore being requirc^d. Tlu^ average spcHufic gravity of th<^ dry slime*, is 
about 2.68, a figure which indicates no extreme eitlu^r way, but about an 
average ore density. 

Filtering the Slime Pulp.--The Moore filter plant is one of the (uirli(*st 
examples. The tanks are of wooden (;onstruction, but are wc^Il put 
together and are still in good condition. For filtering there are four baskets 
of 66 leaves each, the leavers measuring 6 X 8 ft. These baskets are opc^rated 
in two groups of three tanks each, the middle tank being the one in which 
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loading is carried out and the others used for washes and discharging. 
The cycle is as follows; Loading, 50 min.; dr 3 dng and transferring, 
10 min.; washing, strong solution, 15 min.; washing, weak solution, 30 
min.; discharging, 10 min.; transferring, five minutes. 



The thickness of the cake made varies from seven-eighths to one inch, 
approximating 10 tons per basket of dry slime. The plant was, con¬ 
structed to treat a much smaller tonnage than is now being put through 
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it, but has been forced up to its present capacity by increasing the ef¬ 
ficiency of each operation. One of the refinements is the installation of a 
vacuum pump of high ofiieieney to expedite the filtering. ''This ma(fiiine 
is of the typ(^ usually used for obtaining a vacuum in tlu^ manufacture of 
incandescent electric lamps. ''The system is a dry-vacuum o])eration, no 
solution passing through tlu^ vacuium pumi). The solution distdiargo is 
into a specially constructed (hu^p pit for securing a barometric^ discharges. 

The loss in dissolved metal amounts to about throe cents per ton of dry 
ore and the cyanides nuudianically lost to about 0.3 lb. p(T toji. The 
filtered pulp has an a,verag(^ dilution of 2:1 and air lifi-s are used to as¬ 
sist in maintaining a.n (‘vcm consistency vca-tically in the tatik. Tlu^ 
solids do not sc^tth^ rapidly, as has alrc^ady Ixum mtmtiomxl, but the 
air lifts are us(hI as an additional assurance of homogcuudi/y. Solution 
under 18 11). pr(\ssure is used for discdiarging th(‘ cake a,nd the operation 
is concluded with a.ir uruhn- 10 lb. pressure. 

The filter leav(\s nxiuire a-cid trcxitment about c^very tlire(^ months, and 
to facilitate this opcu’ation without thday of filtraition, a s(^parat(^ basked, 
is always kept in rc^adiiu^ss for instant xmo, Tlu^ basket nxiuiring acid 
treatment is nuuoved from services and th(^ (‘xtra oiu^ imnuHliately put 
into action. A sc^paraTc^ iaiik is provid(^d for (x)nta.ining IK d for treating 
the leaves, atul tlu^ cost of tlu^ acid-trt^ating operation mounts to about 
0.6 c. p(a’ ton of or(\ 

I^recipitation is ac(u)mpIish(Hl by nutans of mw shavings, using l)ox(^s 
of the ordinary typ(^ It is nx^ognis^ed that the use of zinc dust ofTors 
conveniences a,n(l in many cases (economies, but the (|U(‘stion has !)e(m 
given candul study witliout scanning to justify a changes of system. 

The precipitation at t.hc^ Tabcu'ty Bcdl mill givers no troubles in any way, 
the only rcHpiircancuit bedng that tla^ clarifical solution bc^ allowed to pass 
over the zinc a,t the si-atcal rate of about 0.7 ton pc^r cu. ft. of zinc sliaving 
per 24 hr. Prexapitation is good, head solutions carrying $1 pc^r ton givc^ 
tailing assays of onc^ to two cemts per ton. Tlie solution going into the 
pregnant-solution tanks is mel.cTcxl by tlio usc^ of a dewiee^ similar to that 
described in thc^ articdc', on thc^ Ilollingca’ mill at Porcupine^, Ontario. 

ThoprcKripitatc^ is medted in oil-fired tilting furnac(‘s, onc^ Sicadc^Harvey 
and one Donaldson furnaces Ixdng instalkul Tlu^ opcu'ai.ioii is c^xtrcunely 
simple and pre^sonts no diffieuliic^s. Hie prendpitak^ is lightly acid trcuitcal, 
fluxed and mcdtcxl, ih(‘ Inillion obtaimul averaging ovm* 9()() fincx 

A small blast furnaces is uscmI for ede^aning up all waste product such as 
flue dust, slag, sweepings, etex I'his matc^rial is all bri{|ucd.ted with 
Portland cicment in such proportion that a satisfactory slag will rc^sult 
and periodicail runs are rnadc^ which eliminates a|l wastes product-s. 'Hie 
results an^ altogether satisfactory, there being a substantial saving ovct 
selling such matc^rial to the smelters. 
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Use of Heated Solutions. —The heating of solutions has been found of 
assistance in the mill. This measure was adopted primarily for the pur¬ 
pose of bringing extractions up to the normal point in cold weather, but 
it was considered advisable to continue to warm the solutions through¬ 
out the year in order to take advantage of the additional rc^covcry of 
the silver. The effect upon the gold is not noticeable. 

The matter of warming solutions is one that has received some atten¬ 
tion from metallurgists in various countri(\s and in many eases has not 
shown any particular benefits. At any rate thcua^ has been no con¬ 
sistency in the results obtained. The silver mills in Mexi(a), particularly, 
have experimented witli solutions of various tempcu'atures and generally 
speaking the improvement has Ixnm so small and variable that benefits 
have been considered not proven. In case of the Liberty Bell, the action 


o 



of the warm solution has not been studic^l for sufficic^ut time to warrant 
final conclusions. The benefit, if any, may not be (a)nfin(Hl to th(^ dissolving 
effect of the solutions but may extend to th(^ amalgamation and con¬ 
centration, as will be mentioned later. 

The ore delivered to the mill is not rc^gularly sampknl nor weighed. 
In order to approximate the weight, a numlxu* of tlu^ tram-way buckets 
are weighed each day and the total wcught of or(^ dc^livered is calculated 
from this information, together with the number of l)uck(d.s (‘oming into 
the mill. The latter are counted automatictally by nuuins of an electrical 
device which records each bucket as it emtors the mill, tlie coimt(3r being 
installed in the mill office. No sample is taken of th(3 ore, the average 
content being obtained by summing the total mill production and the 
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content of the tailing leaving the mill. The latt('r is sampled auto¬ 
matically by a device invented and perfec^ted by W. E. Tracy, mill suixt- 
intendent. The samphn* has been des(a*ibed befored but a sketch of it is 
herewith presented as it is worthy of note. 

It consists of a disk mounted on a shaft and movcnl l)y means of a 
worm gear. A pipe is fixtnl to the disk, the pipe having a slot througli 
which the sample entcu's. The worm gc^ar movess tlu^ disk slowly until a 
point is reached wherci the W(dght fixed to tlie disk over-balances tlu^ pip(‘ 
and the disk swings around rapidly, th(^ slot in tlu^ pipe ])assing th(^ 
tailing stream and taking a sa-mph^ of it. Tlie momentum is suni<‘,i(mt 
to carry the disk far (mough to raise the pipe into a vert.i(*.al ])osition 
again and the sample runs out of tlu^ (uirved (md of the sampling pip(^ into 
a small laundcT which is properly placed to rec(av(Ttand condued. it into tlu^ 
sample receptach^. The movemumt is so rapid that the solids in tlu^ sa,mpl(‘ 
do not settle and the pipe drains (‘hainly, A pawl engaging a rat(‘h(d. cut 
in the disk pnivents a ndnrn swing of the disk. 

This system of (sstimation of ore content (‘annot be laM'omnunuhHl at all 
times. It may ho fairly satisfacd-ory if ev(n‘y caix^ is talam to avoid mis¬ 
haps and losses within mill, but its great weakness is that siudi loss(^s 
and shortages of ])rodu(d.ion cannot Ix^ n^adily d(d.(Md;(HL 


CHEMICAL CONSUMPTION AND (U)HT AT LIBERTY HELL MILL 


Material 

' (^.onsumpt.ion per I 
: ton ore Ih. I 

(Jost 1 

j 

Unit 

Zinc. 

. 0.5 

•*().iir> 

11). 

Lime.... 

.: 7-s 1 

0.005 

lb. 

Cyanide (IvCN J.. . 

..... i.n 1 

0.215 

lb. 

Litharpie. 

.1 '>-‘5 

0.085 

Ib. 

Pebbles.. 

0.54 1 

57.75 

I ton. 


The period of agitation whicdi the pulp rcHudvc^s in Die mill is about 14 
hr. in the mill cir(*,ulation and about 12 hr. in the Hendryx tanks. The 
consumption of clKunicais and the cost per unit is about as given in the 
accompanying table. 

Metallurgy of the Ores. -The metallurgy of the Liberty Ihdl ore is not 
complicated, as tlu^e is no relxdlious element to be rcxdconed with. Th(‘. 
fact that silver exists in sufficient quantity to make!; is cxtrac^.tion an objec-t 
introduces an clement which is somewhat more complic.atcxl than when 
only gold is to be extracted. In this case, howevc^r, th(^ (juantity of silver 
is small and strong sohitions do not have to be r(^sorted to. A 2-lb. K( 'N 
solution is used throughout the mill. Thc^ use of a hjad salt, how(wer, lias 
been found advantagcxiiis. At first h^ad ae(d»at(^ was nsixl, addcnl to ihe^ 

^ Trans. A. 1. M. E., October, 1911. 
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agitators, but now litharge' is in n^i^uiar \m\ iliv luiditiou made to 
the tube mills whon^ it is n^adily ^J^rouml up anti put into solution. 

The thorough system of eonetmtration ustal is bastal upon the belief 
that it does not pay to a.tt(anpt to vxirnrl tht‘ eonitmts of tlu^ sulphides in 
contact with tlie renuiindta* ot tht^ ort' as tin* strong solution rcMpured and 
the long time would tmiail a loss of (‘yani<lt‘ anti t‘()st of agitalion out of 
proportion witli the rtaaivcaT. By nauoving tin* sulphidtss tht^ silk',ecus 
ore may b(^ treakHl, as has beam shown, with wt^ak solutions and short 
time of agitation and tlu^ stdphidt\s tnay 1 h‘ handhal in somc^ satisfactory 
way. 

Up to the pn^stmt tlie sulphidt‘s havt^ btam stdd tt> th(‘ smt^ka-s, but 
experiments are undta' way looking toward a eyanidation of th(‘ product 
on the ground. Wluh^ iluNSt^ t'xptanmtmts havt* not beam (*arrual to com 
elusion, it may bt^ said that tht^ inditattions art' that thc' prota'ss is feasible, 
and if this is tru(‘, an additional saving will lu' madt' possibit'. The idea is 
to treat the (‘onetmtrak' in a sc'paratt' sysivm tising strongt'r solutions and 
more time. Th(^ n'sidut's from tin* canuHadratc* tn'atnu'ut will b(' thrown 
in with th(^ regular silic^'ous orc' and will I bus be givc'u an additional treat- 
ment, with the possibility that tht' total rtsanany, tanupared with its (‘.ost, 
willshowagn'ak'r profit than tlu^ method now bdlowed will produc'e. 

Special Metallurgical Features* dlut two spetual mt'tallurgical 
features, as ha.v(^ Ihm'U {h'seribcab an* first., amalgamati(m on plakvs in 
cyanide solutions, and scaanul, the heating at mill solutions in order to in¬ 
crease extraction of silvcu*. 

PKROKNTACJK EXTRACTIOX AT LIBKirrV BHIJ, MIBB DURING FISCAL 

VKAR !!H2 



(told 

Fir.^t hair 

Se(‘omi half 

Ainalgaiuation,. 


dH 9H 

hO/iO 

Cyanidation.,.. . 


av 7t 

:i4.40 

Conceutrati<ni . . 


7 r>2 

8.40 

Total.... . , 


02 21 

oa.oo 





Amalgamation .. . 


7 Pi 

u.:io 

(Cyanidation. 


27 07 

20.70 

Concentration,. 


17 2"l 

2 BOO 

Total.. 


02 o:i 

72.00 


The first of these itmns is on<‘ thal has been c*alh*d unsuc'cc'Hsful and 
impossible in many cases, l)ut it has here dememstraied its valm?, and 
there can be no reasonable doubt that it is usidul hi sonnt cuises. I should 
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consider it a valuable system to adopt in cases where amalgamation was 
considered essential for the pur])ose of recovering coarse gold whi(di would 
not dissolve in cyanide solutions in a-ny r(‘asonable haigth of tim(\ 
and which exisUal in such larger (piantiiaes (hat the regrinding process 
would not reduces it to some form readily dissolv(Hl. It should be pref¬ 
erable to milling in water, which has manifest disadvantages. 

Extraction and Cost. — -T>m) to (‘(Ti<ain chang(\s whicdi took phuu^ in 
about the middle of the present fis(‘al yc^ir and the changes in mill resulis 
which followed, the ore contemt and recov(Ty are given as types for tlu^sc^ 
periods. The ore conhmt for the first half of the year was 0.27 oz. of gold 
and three ounces of silver; for the second half, 0.27 oz. of gold and two 
ounces of siIv(T. 

TABLE 1. LIIHORTV BELI. MIUUN(J COSTS 



1 

Labor | 

Suppli(‘,.s 

General mill labor. 


.mo.oooi ' 


Crushing... 


0.05:^ 

0.0194 

Stamping... 


0.0935 1 

0.0973 

Regrinding.... 


o.ouw 

0.000,5 

Settling and agitating... 


0.01.50 i 

0.0390 

Filtering.. . , , 


0.0372 

0.0,509 

Concentrating... 


0.0470 : 

0.0199 

Amalgamating. 


0.0420 1 

0.0224 

Precipitating.... 


0.0137 1 

().07,W 

Total labor. 

1 

0.40;i2 1 

'I'oinl ().i)72() 

Total HupplieH...... 

’ • ■ .. 1 

0.9720 1 


Total cost.. .. 

! 

1.37,52 


Depreciation.... , . 


0.1200 ; 


Realization... 


0.3100 1 


Total mill cost of production.... ,. 


1.80,52 



The increase in silv(U* (^xira(d/ion in tlu^ s(K;ond half is not(5Worthy in 
view of the fact that the ore cont(mt is one-third h^ss, a situation which is 
opposed to general (^xperi(m(*.e. Tlien^ ar(^ two fa(‘tors winch havc^ (dumgcal, 
either of which, or both, may be in part or wholly rc^sponsible for tlu^ dif¬ 
ference in results. The first change, the mining of tlu^ ore from a difh^remt 
and deeper levcd, may hav(^ its effe(d, and the S(K‘ond change, the iiicrease 
in solution ternperaturci, would naturally inflmmce n^sults to sotm^ extemt. 

Of a total gain of 30.57% only 2.03% is diu^ to improvcal r(‘(K)V(^ry in 
the cyanide solution. The eoincidcmt alteration of two important fae.tors 
makes it impossible to say without further study just what part c^acdi has 
played in producing the final result, d'he ternpe^ratun^ of thcj solution in 
agitators and filter plant has been raised to about SO'^ F. and that on plates, 
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concentrators and setika’s to about 7if. (*ost o{ op(‘ra,lion, ])ased on 

the milling of 1()4,4()0 tons in s(^v(mi inoui hs, is shown in l.h(‘ ac'eoinpany- 
ing tables. 


TABLE II. DISTlilliUTION OK 


CJENEH.AL EXPENSES AT LIBEH.TV BELL 
MII.L 


Labor 

i Per ton 

Superintendence. 

$(».()2()S 

Heating. 

0.0120 

Electric plant. 

O.OlOl) 

Lubrication. 

.1 o.ocm 

Pumping plant... 

i 0.0212 

Watchman.. 

O.OOK2 

Examination and tests.... 

.j o.ooos 

i ().(W()1 


Supplies Per ton 

Pip(‘ liiu^s . . SO.OOOE 

liins..... O.OOcSf)! 

, liuilding.. 0.(H)2Si 

I I'U(‘ctric plant.. 0.0111 

Puiupiu|i: plant.. . 0.019H 

I Kut4 ai\(l heatinp: . 0.0-171 

' 'Pools. . .. 0 ,00431 

(\vanitlt‘ ... . 0.2()14i 

Liiutv........ .. 0.042(0 

, la'ad salts.. , , . . , 0.0330 

I/iKht and p<uv(‘r . . OAY.m^ 

Oil and wnstca ....... 0.0091 

A.ssnyiuK and imdtin^ 0.03471 

ICxanPaudion and tc*sts 0.0027 

Misrellaiuauw.............. i 0.()()()I 


0.5811 


1 Combined labor and supply. 

^ The power in this item is that used in pumping lietwtaui <lepartm(‘ntH. 




















CHAPTER VIII 


PRACTICE AT CRIPPLE CREEK, COLORADO 

The Cripple Creek dLstrict of Colorado is one of the most famous gold 
camps of the world and lias, at timeSj Ixnm called tlu^ richest gold distried; 
in existence. Although tliis can hardly be said to Ix^ true at pres(mt, 
still the district is of great importaiux^ and continu(\s to produce gold in 
large quantities. Its miiux-als arc^ too well known to rcxiuire a,ny dcd.aihxl 
description at tiu'. pr(\s(uit time, '’.rix^ o(xuirrence of tellurides of gold is 
distinguishing^and is the principal fcxit.urc^ which oppos(\s simpler redu(d.ion 
methods. 

The m(‘tallurgy of th(‘ or(\s of the disiric.t has pass(xl through all thc^ 
changes common to most of tln^ gold camps of tlx^. United States, plak^ 
amalgamation, chlorination, coixxmtration and finally cyanidation having 
been applicul to thc^ miiux’als with varying degre(‘s of suexx^ss, not to 
mention tlx^ proc(‘ssion of pakmkxl and scxxxd ])roc.ess(‘S which hav(^ made 
one bri(d ap[xuiranc,(^ and tlnm vanisln^d forev(x\ At. tlu^ pr(^s(mt time 
cyanidation, (xx*asionally alom^ but moix^ g<m(‘rally in combination witli 
concemtration or vsonu^ otlxx’ nud.allurgical nutans, notably roasting, is 
api)li(xl to all tlu^ on^s which an^ too low grades to snudt, and tln^ procc^ss 
has beconn^ (Hsemtial to tlui fde of tlw. district. 

Many Mills in Operation. - Th(u*(^ an) a numlxx* of mills at work in tln^ 
district and in addition to th(‘S(^ a (piantity of on^ is shippcxl to the two 
large custom mills opcx'ating at (h)lorado Springs. Thc^ richer onvs are 
smelted but th(‘ (piantity of this product is not so important as it was in 
earlier days. By far tlu^ gr(‘at(X‘ (quantity of ore is milhxl and thci cyankh^ 
process is r(‘S[)onsibl(^ for the r<xx)V(‘ry of a larger part of tlu^ gold. 

Most of th(^ mills in tlu^ distri(d., or at any rat(^ th(^ most important 
ones, us(‘ a (ximbination of <‘onc(mtration and cyanidation, th<^ idea Ixnng 
to remove, as far as possible^ tlu^ t(dlurid(\s, sulphuk^s and othc^r r(‘fra(d.ory 
compounds whicdi do not yi(dd nuidily to (;yanid(^ trcaitnumt, kxiving a 
tailing which is satisfa(d.orily tnaited with cyankk^ solutions of low 
strength and at nxisonable cost. Some of tlu^ plants an^ simpl(‘, kxiching 
installations tr(*ating or(^ or wastes of low grades and in difhrcmt (k^gnxNS of 
fineness, but thes<‘ pn^semt no m(‘tallurgical nov(*lti(‘S and ar(‘- simply 
efforts to extract a profit from makTial available^ without ndenuux^ to 
technical nicx^ties or (x)nservation of rewurexvs. 

Of th(^ m()r<‘ important mills which ar(i following modern practice and 
obtaining results which are satisfactory in various (k^grex^s, may be men- 
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tioned those of Stratton^s Independence, Ltd., the Portland (iold Mining 
Co., the Ajax-Colburn and the Blin^ Hag Mining Co. Of these the 
Ajax is the principal one whi(‘,h has made serious attempts to o})viate tlu^ 
use of both concentration and roasting and use tlu^ cyanides j)r()(‘(\ss 
direct, making use of chemical means in combination wii.h (‘.yanid(^ 
solutions to dissolve the refractory gold compounds. Tliis mill has 
installed the Cdancy electrochemical nu^tliod of procedure and is now in 
process of ascertaining what benefits may b(^ expc'ci.ed from ii-. At. ])r(‘S“ 
ent ther(^ is not sufficient information availa])l(^ i,o (mabh^ a siiatcaueut 
which will definitely proven (hther succu^ss or failun^ for th(^ system, l)iit 
it is hoped that within a f(‘W months data for thc^ s(‘.ttl(anent of i.lu^ (pusstion 
may be forthcoming. Tlui serious att(an])t of the ojxa'ators of this planfi 
to solve a difficult probkan along scientifi(^ lim^s is worthy of tlu^ compk^tic 
success that they hope to obtain. 

Separate Dry Crushing at Ajax.- dlHi Ajax has instalkal a, plant 
entirely s(^parate from its cyanides mill in whicdi the orc^ is (‘ruslaal dry and 
meclianically sam])ie(I. ''The ore is brouglit into this phint in (L'ctrically 
moved cars and is passcnl through a seric^s of crushers, rolls, sen^ms, (dc., 
being sampkal during the process, a,nd is fimilly dcdivcaasl in a (‘ondition 
sufficiently fine to be mixeal with tlu^. (yanidc^ soluifotrs and (da-ssifital, any 
oversize being kal directly into tlu^ tube mills for rc^grinding. Hiis, I 
believe, is th(^ first attempt in th(‘. (tipple (Vea^k n'gion to slinu^ afl tlu^ 
milling ore and treat it directly by cyanidca Lhe stat.cammt of provcm 
results will be awaibal with intcuasst. 

The Blue Flag mill is anotluT whicdi is making a trial of a (',omi)ara" 
tively new (kwelopnumt of cyanidation. It is equippeal with machiiu'ry 
for the continuous-dcaaintation process using Dorr fihickcun^rs in cou- 
jimction with agitation tanks of a wcfl-known (kvsign. This process 
presents sonn^ innovations whicdi arc^ of gnait inter(\st at tins fin[)(^ and 
will be dis(mHsed in a H(q)arat(^ arti(de. 

Portland and Independence Mills. Tlu^ mills of t he Portland (rold 
Mining (k). and Stratton’s IndepcmckuH^e, Ltd., are similar in many ways, 
the principal differcuuu' being that th(‘. Portland mak(ss a total slime prod¬ 
uct, while at th(‘ Independence th(^ sand and slinu^ arc^ i-rcaitcal s(‘parately. 
Due to th(i fact that th(^ Portland company do(^s not dc^sirc to make; public, 
any details of its practice at the present time, no inforrnat.ion cati b(‘ givcm, 
but it will be saf(^ to acc(q)t the practice followcnl at tlu^ rn(l(q)end(‘nc(^ an 
typical of successful work in th(i (Vippk^ (kxnL district and its systcun, 
which is made public without r(^serv(', will form th<^ bulk of this arti(d<^ 

At this mill a long H(^rics of (^xpcTimenis was condu(d»<Hl by Philip 
Argali and it was decid(‘d that tlic^ most feasibk^ mcdfiod was (‘aredul con¬ 
centration of the ores followed by (yanidation of thci tailing. Thc) adapta¬ 
bility of this system was due to the fact that the ore contaiiUHl a quan- 
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tity of gold in tho form of telluridc^ which is not easily (‘.yanied by direct 
methods and it was considered advisable to removes this constituent and 
extract its gold content by some means more satisfactory. A mill to 
treat 5000 tons per month was (rectcHl to make iis(^ of this method. The 
mill was afterward increased to handle 10,000 tons per month, at which 
capacity it is now open-ating. 

The ore sup])ly <^om(^s mainly from the dumps, a large a-canimulation 
of this material having re^sulted during tlu'. long life of tlu^ min(\ The 
average contemt has a valuer of about $3.50 pe'r ton as milhal. An 
tric. shovd is useal for moving tlu^ material, which is loadcnl into 4-ton (‘<ars, 
hoistcnl up an inclined plane and delivered into th(^ (naishcr house's. 

COSTS AT STRATTON’S INDKPKNDPNCn^] MILL 


Per ion 
IreaieMl 

Dump breaker: 

Power..... $(),()4:J() 

Operation.... . 0.()r)l(> 

Hepeirs..... O.OGSl 


Total..... $0. H>33 

Gnmbinp; and (‘.oneemtrating: 

Power...... 0. U)4() 

Operation..... 0.1192 

RepairH..... 0.1982 

Loading (‘.oneumi.rate^... 0.0097 

Total......... . 0.5217 

Cyaniding: 

Power... 0.0484 

Operation... 0.3420 

R(U)airH....... 0.0549 


Total......... 0.4453 

MiKcellaneouH: 

Ileuiting. 0.0050 

Water nerviee.. .. ...... ..... 0.0048 

Liability iiiHuranee... ().()057 

Fire innuranee^........ 0.0298 

Taxe^H... 0.0405 


Total... 0.0918 

Mine l)reakerL .. 0.0109 

Total c‘.oHt...... $1.2390 


^ The mill rec.eivea one-tentb of ita Hupply from a Hinall breaker plant where mine 
ore IB eruBhed to I in. and taken direejtlv to the Chilean inillH. 
























84 


DETAILS OF CYANIDE PRACTICE 


From the head of the crusher house the ore is delivered to a No. 7i 
Gates gyratory crusher, which delivers its crushed product to a picking 
belt three feet wide. Here the larger boulders of barren rock are thrown 
out as much as possible and the belt carries the remaining material to a 
No. 5 Gates crusher, in which the ore is reduced to about 1 f-in. cubes 
and conveyed, by means of an 18-in. conveying belt, to the steel storage 
bin. The sorting does not materially increase the value of the ore, less 
than 3% being removed in the process, which is of more importance on 
account of the quantity of pieces of wood, steel and much other foreign 
matter which comes from the dump. 

The steel mill bin is of special design and was installed with the idea 
of obviating blocking or sticking of the ore, which object has been attained. 
It consists of a steel cylinder, the bin proper, terminating in a cone-shaped 
bottom. The apex of the cone is cut off leaving a circular opening four 
feet in diameter. This opening is set down into another smaller cone, the 
feed cone, which has a 12-in, opening delivering the ore to a revolving 
disk feeder. The opening in the bin bottom is large enough to prevent 
blocking and is small enough to relieve the feed cone of excessive pressure. 
The device works successfully and the bin can be entirely emptied of its 
contents without shoveling. The ore stored in the bin is all reduced to 
smaller than 2-in. cubes. 

From the storage bin the ore is fed through two sets of 16X36-in. 
rolls which reduce it to about J-in. size. Due, however, to the flaky 
character of the ore, largely phonolite, the size is more nearly f in., 
although its thickness is generally less than J in. 

Addition of Lime. —The ore coming from the storage bin is slightly 
moistened with cyanide solution which tends to settle the dust and also 
to slake the lime which is added at this point. By means of this procedure 
it is calculated that the lime shall be in good condition to render effective 
service, and by the passage through the rolls normal character of ore feed, 
they crush almost exactly five tons per hour with an expenditure of 55 hp. 
With the mill in average condition the pulp delivered from it has the fol¬ 
lowing approximate composition: On 50 mesh, 21%; on 100 mesh, 12%; 
on 150 mesh, 5%; through 150 mesh, 62 per cent. 

The total steel consumed per ton of ore milled, using Midvale or 
Latrobe brands, amounts to 0.62 lb. The crushing pressure of the mill 
amounts to about 900 lb. per sq. in., which is probably somewhat increased 
by centrifugal force. 

The Chilean mill has been generally considered a sliming machine, 
but the operators at the Independence mill have found that within certain 
limits it is able to give a fine, yet granular product. The adjustment, 
however, must be made with a view to the result desired. In some cases, 
of which the Independence is typical, a fine, granular product is desired 
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for concentration efficiency, while in other instances, typified by the total- 
sliming mills, the highest economy is secured by producing nn extremely 
fine product as quickly and simply as possible. In the latter case the 
Chilean mill has been able to prove its adaptability, and when construc¬ 
tion includes the Mantey offset I should be inclined to consider the large 
diameter, slow-specd mill both cheaper and more efficient than the higher- 
speed mills such as are used at the Independence. In connection with 
this subject it will be interesting to refer to my article on Chilean mills' 
and also the paper by Walter H. Urbiter'-^ on the same subjc(;t. 

The ore coming from the storage bin is slightly moistenc'd with 
cyanide solution which tends to settle the dust and also to slake 
the lime which is added at this point. By moans of this procedures 
it is calculated that the lime shall be in good condition to rendesr 
effective service, and by the passage through the rolls bc^comevs 
thoroughly mixed in with the ore and probably reaches ev(a*y i)art 
of it. Being in a damp condition, the time of passage through th(^ rolls 
to the mill l)ins and the time it remains in the latter should be suffickmt 
for a thorough mnitralization of any latcait or developed acidity iti tlu^ ore. 
The system of adding lime to ores in cyanide milling has be(ui th(^ subj(H‘t 
of much distnission and the methods used are extrcatiely varied. It is 
of considerable interest to note the methods and niasons adoptcul at tlu^ 
different plants, and a final comparison of them will be valual)l(i and of 
technical interc^st. 

Chilean Mills for Fine Crushing.—From the rolls tlui orc^ is takcui to 
the storage bins above the Chilean mills, which arci used for fine crushing. 
The fine-crushing plant consists of four 6-ft. Akron Chilean mills. Thrm) 
of these are k(^i)t in op(^ration aft the time, easily (irushing the rcKpiiriul 
amount of 10,000 tons per month, the third being ludd in reserves and 
ready for use at any time. The mills can ea(di crush from 100 to 130 tons 
per day, according to the fcHMl they receive. The ore is fed into them by 
means of revolving-disk ftHKh^rs which may be adjusted to any rcuparcHl 
capacity. 

The mills are fitted with squares wire screnm having ().04G-in. apertures 
and 0.054-in. wire. The speed is about 33 r.p.m., and with this adjust¬ 
ment, using the normal character of ore fcHKi, tluy c^rush almost exactly 
five tons per hour with an (expenditure of 55 hp. With th<e mill in aveer- 
age condition the pulp delivered from it has the following approximates 
composition: On 50 mcish, 21%; on 100 mc^sh, 12%; on 150 mesh, 5%; 
through 150 mesh, 62 per cent. 

The total steel consumed per ton of ore milled, using Midvak^ or Lat- 
robe brands, amounts to 0.62 lb. The crushing pressures of tlui mill 
amounts to about 900 lb. pc^r sq. in., whi(‘h is probably somewhat incn^ascul 
by centrifugal force. 
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DETAILS OP CYANIDE PEACTICE 


Concentration a Feature.—From the Chilean mill the pulp is led to the 
Ovoca classifiers, which are double spiral-screw machines designed by- 
Philip Argali. The milling is done in cyanide solution containing | lb. 



KCN per ton, and from that point the ore is constantly in solution. The 
Ovoca classifiers give a sand practically free from slime with from 15 to 
25% moisture, thus performing the operations of separation and sand 


TREATMENT DIAGRAM OP STRATTON’S INDEPENDENCE MILD. 
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dewatering. The sand is sent to 20 ('ard concentrators. There are 22 
installed and the pulp is distributed to the tables by means of an auto¬ 
matic distributor which has been perfected in use at this mill. 

The slime from the classifier is thickened in cones and sent to the slime 
concentration department, which is equipped with 13 Deister tables and 
four vanners. The Deister slime concentrator here performs ecpially as 
good work as the vanners and the maintenance expenses is less than one- 
tenth of that of the vanners. 

From the sand concentrators two i)roducts are obtaiiKKl, a high-grade 
concentrate, whi(‘h is shi])ped direct, and a middling, whicdi is reground 
and reconcentrated. Originally it was designed to treat the concentrates 
on the ground and a roasting plant for that purpose was (srected, but it 
was finally decided, on acusount of the (character of the concesntrates, whiedi 
is desired by the smcsltcrs, to ship it. The concentrate (uin now Ixs con¬ 
sidered as having its gold (U)ntent definitely recovered as tlu^ otluu’ (‘La¬ 
ments containcxl pay all ii.s expenses, hxi-ving the gold net. Undca* such 
circumstances it would not wise to att(nn])t its local trcxitnumt. 

High Value of Finer Material. .-Tn the case of the Indc^pemhuKx^ oix'is 

it is invariably triu^ tliat the firuvst material carries the most gold. The 
gold occurs mainly in films alotig th(^ fracture planes or in small caviit(^s, 
the sulphide in tlu^ body of tlu^ ro(^k being of low grades and often worth¬ 
less. It is due to thes(^ basics fa(*ts that the crushing sysi.c'in in us(^ was 
devised and followed, it being bricvfiy an attempt to lib(x‘at(^ i.he sulpho- 
tellurides to sufficient extemt that they might be removed by eomurntrar 
tion, leaving a sand tailing of low grade that might be lightly cyanided 
and discarded. 

The slime, containing i.he Iiigher value, is also concentratcul as (*.los(dy 
as possible and cyanided carc^fully by more efficuemt methods. The slinu^ 
tailing has never been rediuxxl as low as the sand. The guides now chos(m 
is to keep the sand tailing Ix^low $1 ])er ton in value, making a slime that 
runs in the nedghborhood of $2 p(T ton after concentration. Tlu^ coarst^ 
sand produces a high-grad(^ concentrates, running from five to seven oumx^s 
per ton, a middling whiesh is resground, in turn producing rich conccsntratcs 
and a proportion of slimes, and a tailing of extremely low gold cont(sni., as 
has been mentioned. This procsedure csnables the comparatively coarse 
crushing to be practised in tins (shiksan mills and renders obtainabks a 
crushing cost which would be out of the question w(sre total sliming r(‘- 
sorted to. 

Sand Leaching.—fidie sand and slime tailings are both pumped to thc^ 
cyanide plant where a pair of Ovoca (slassifiers separate them finally, tins 
sand being moved by a sp(s(‘ial (sonveyor into the sand-leacshing tanks. 
This conveyor is the usual ^^grasshoppesr^^ type, a long bar, supported on 
wheeled trucks, having a number of hinged pusher blades working in a 
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trough or launder. The launder is arranged so that openings can be 
made into each tank at several different places. The sand is distributed 
practically automatically, the final leveling of the top of the tank being 
about the only hand labor required. A stream of solution is led into the 
tank along with the sand, which is so free from slime that no trouble with 
channeling or segregation of slime is experienced. 

The sand thus laid into the tanks is treated with i-ib. cyanide solu¬ 
tion for four days and is then sluiced out and run to waste. The sand 
treatment is extremely simple; but since the precious-metal content is 
small, the economical maximum of extraction is reached in this way. 

Bromocyanidation of Slime.—The separated slime from all depart¬ 
ments is led into four continuous thickening tanks, the products being a 
clear overflow and a thick slime which is pumped into a treatment tank 
where it receives a six-hour treatment with |-lb. cyanide solution, and 
afterward a four-hour treatment with bromocyanide in a separate tank. 
The bromocyanide treatment is in accordance with the general practice, 
the solvent being made from the usual “miners salt'^ in the ordinary way. 
The only departure from generally accepted practice is that it is found 
necessary to maintain a comparatively high alkalinity during the treat¬ 
ment, general practice insisting on a neutral solution in most cases. 

The tanks used for agitation are a special design, the features of which 
are a pointed cone bottom and a cylindrical section of little height, a cen¬ 
tral agitation pipe, into which air is admitted at the bottom, and having a 
cone over its outlet, which is in about the middle of the vertical height of 
the tank. The cone is open, with its vertex pointed down and is designed 
to spread the outcoming pulp over the area of the tank. It is simply 
another method of taking advantage of pneumatic agitation, the varia¬ 
tions of which are without number. The accompanying flow sheet shows 
the movement of pulp and solution and the machinery installed. There 
is little novelty in the methods used in cyaniding the concentrate tailing. 

The pulp is fed from a storage tank into a vacuum filter of the station¬ 
ary or Butters type, in which the leaves are fixed and the movement is of 
pulp and solutions. This filter is built after the Cassell design and was 
one of the first of the kind to be used. It shows its early construction, 
but is still doing efficient work. The leaves are made of canvas with a 
filling of cocoa matting, and are stitched with wire instead of the usual 
thread. This is said to prevent ripping and obviate a large portion of the 
usual repair bills. Solutions for precipitation are clarified by passing 
them through a filter press of the plate-and-frame type. 

Precipitation on Zinc Shavings.—Precipitation is in the ordinary man¬ 
ner by the use of zinc shavings. There is little difiiculty with the opera¬ 
tion. The barren solution produced is used first on the concentration 
tables as wash. The precipitate is not melted or refined at the plant, it 
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having been proved more economical to ship it to smelters for final treat¬ 
ment. The precipitate is thoroughly dried, sampled and sealed up in cans 
for shipment. The fact that precipitate of this class can bo shij)pod at a 
less cost than treating it on the ground is worthy of (comment, for it is 
generally considered ])ctter ])ractice to handle it at the plant, wlu^re tlua-o 
is less chance for loss duo to differences of sampling, to say nothing of 
transportation charges. This matter ought to bo invostigatcul, particu¬ 
larly ])y plants situated (‘.onveniently to sim^lting installations, as I be¬ 
lieve that generally no investigations arc^ seriously mad(^, it Ixang takem 
for granted that trcxitment on the ground is (ffieapor. 

Extraction and Consumption of Material.—The extracffxon totals 
71.5% of the content, of which 43.65% is obtained by concxmtration and 
27.85% by cyanidation. The (X)nsumption of (^hemic^als is about 0.45 lb. 
of Na('N per ton, 0.3 lb. of zinc, 2 2 11). lime and 0.4 Ib. of the broinim^ 
salt. The mill consumes about 320 hp. and em])loys 35 irum rc^gularly in 
the operations. Tlu^ costs are moderate for the m(4;h()d followed and arc^ 
shown in the ac‘(a)mpanying table. 

BISCUSSION 

The Shipment of Cyanide Precipitate.- In the Journal of Ec^b. 8, 
1913, Mr. Megraw comments on tlu' shipment of cyanid(‘ pr(‘cipitat.(‘ to 
smelters as being cheapen than homc^ treatment, and advisees otluT plants 
to investigate the mattca*. However, lu^ schuus to stat-(^ the vital objc'c- 
tion to it in the same paragraph, ^HJie (Jian<a> of loss duc^ i-o diffVrenec' in 
sampling. 

I have seen this thing tried out wherc^ I kn(‘W that evc^ry (‘ITort was 
being mad(‘ to give tlu^ shipi)er a squares deal, and as a check, th(‘ shipper’s 
material was tnaited by itseJf, as far as producing bullion and byprodind-s 
went. Tlie bullion aloru^ carricxl morc^ metal than th(^ assayssliowcul in th(‘ 
original precipitate, whih'i there was a whoh^ string of metalliha’ous by¬ 
products still to be heard from. 

Of course th(^ balancie might be in favor of the shippea*, I rtamanlxa* 
hearing that oru^ of the dijfficulties of the old Seattle^ Smelting H(‘fining 
Co. was due to (Troneous sampling on exceedingly high-grade mat(‘rial, 
giving the shippers mon^. than was coming to thcati, but usually th(‘ 
sampler will err, although pc^rhaps unconsciously, on his own sid(‘. 

(Considering tlu^ expenses of tight coopering or bagging, freaght, tlx^ 
danger of theft in transit, and errors in sampling and assaying, it sexans 
that a plant shipping cyanide precapitate, silvcT sulphidcvs, or like matc^rial, 
is taking a long chamaa 


Pittsburgh, Penn., Feb. 10, 1913. 
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DOTAILH OF (A’ANl!)K VllXCTli'K 


In the Journal of F(‘l). H, 1913, Mr. Afe^raw, in his (‘x<‘(^ll(‘ut article 
upon ^^('yanidatiou at Cripple CnH*k,” rtJci's to th(^ P^'i^<‘tie(‘pursued at 
the Indepen(l(aH‘(> mill of sliipping tin* prenupitate* to snH‘lt(‘rs, saying: 
“The fact that [)r(‘t*ipitat(‘ of this class can in* shippcal at a cost l(‘ss than 
that for treating it upon tlu^ ground is worthy ot c(unnu‘ut, for it is gen¬ 
erally conskh'nul betOa* pra(*tic<‘ to handle it at tla^ plant wlna-cC-he chance 
of loss, diK^ to dilTer(‘nc(‘S in sampling, is l(‘ss, to say luhhing of t ransporta¬ 
tion charges. This inatt(U’ ought to he invf*stig:at<Mh partitmlarly by 
plants situaknl <‘onv(mi(mtly by smelting installations, as I laTawe that 
generally no invc'stigations an‘ sca’iously matie, it h<‘ing takem for granted 
that treatment on th<‘ ground is cdieaper.*’ 

In commenting upon this feature Mr. Megraw’s artiede, Mr. 
Wheeler, in the Journal of F<‘b. lo, 1913, doulds the wLschmi of this 
course for various reasems, although he gives mi <hdtnit(* tiguia^s to support 
his opinion. Huredy so (sxperieneed an as Mr. Argali is not 

shipping his pnH‘ipitat(‘, in preferen<‘e io 1o(%h1 reduetion, without good 
naison. The faet tliat tins plant is situated etnivcnienf to simdteries, and 
that gold pre(dpitaic‘ is prodm*ed, may have its inlluenee. In gtmeral, 
sm(dt(TS do not buy this mattainl up<m the result tif eornsded assays, and, 
as it is a well known fa<‘t that the fiereimtagi' of i‘oria*rfion upon ttn^ assay 
of a produ(‘t carrying largely giihl is not so great as upon one in which sil¬ 
ver predominates, it will bc^ n*adi!y seen that the difTeretiee in favor of the 
srmdter, arising from tliiscaiusc*, would not bt* s«» great as in tltc» laitt(*r case. 

The transportation probhau is a siadous fine and. pmdmps, Is at its 
worst wh<m long distances have to lie eoverial by mule back or ox cart and 
steanuT. I have* scam various methods of packing triefl, such as sacking 
in canvas and Imrliip, paper sacks inside of eanva?^ protected by burlap, 
Imxing, etc.., but the only satisfactory met laid i.n it» pack it in hermtdically 
seahal tin cans prohaded tiy wooden eases. A siiti^factory container for 
this purpose can la* readily obtained at any cyanide plant l»y c’arefully 
opening and prc*Herving the tin-lined wood ea'a*^ in wtiirfi the cyanide in 
riaudved. Thc’se should be wanlied and dried, Uie priadpitatc* is then 
placed in tluan, the tin cover soldered on, and the wood top seeurely 
fasten(*d fiy nails or serews. A binding of liglit strap iron grcmtly 
str(mgth(*ns tin* package and is desirnble if if to go any distance. 

('yanidi* operators would welcome csim|tarattve figures from Mr. 
Argali, showing the advantage of shipping precipitiiti* instead of bullion, 
Various plants, with whicli I have Iii*eii eoiiiieidod in the past, have 
shipped precipitate and flam havi* later insfaliod melting furnaces and 
slupp(*d l)ullion. In every case it was felt tlnit there was a distinct atlvan- 
tag(L although no itccurnfc compiiriHiins %vere made, in favor of producing 
bullion, and in no case rlid iiiiy of Ihesr plants refiirii to ^hipping prt*cipi- 
tato after liavian firici* lnUILtfi 
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A number of years ago I had an opportunity of making a thorough and 
fair comparison between the relative merits of shipping precipitate and 
the production and shipping of bullion, when Charles Butters requested 
me to go to Virginia City, Nov., and thoroughly investigate tliis feature 
of their practice. At this time the Virginia City plant was treating a 
considerable tonnage of Tonopah ore and old Ck)mstoek tailing. Both 
electrical and zinc })recipitation were in use and the precipitate resulting 
from the two methods was quite different in character. The (^lec-trically 
precipitated material was high in lime a,nd copper and also contaimul 
some lead. The zinc-box precipitate was similar to that ])ro(lu(HHl in 
plants employing that method of precipitation when treating a silv(^r-gol(l 
ore, except that it was not quite so high grade as that prodiKaal by present- 
day practice. The precipitate from the electric boxes formed the bulk of 
the product. Both classes of precipitate contained mercury and it 
was the practice to retort for its re(a)V(‘ry until the (V)nisto(‘.k tailing, 
which was its sourc^e, finally be(^ame exliausted, whcai rcd.orting was 
discontinued. 

From the beginning of operations at this plant it had be(m the praedhaj 
to ship the precipitate, and this was contimuHl long after tlu' otlu^r Buttc^rs 
plants had found it to their advantage to ship bullion. It was gcuua’ally 
supposed, owing to the refractory nature of the pia^upitatc^, and its low 
gold and silver content, that there was every adva,ntage in favor of ship¬ 
ping precipitate rather than bullion. 

I have no reason to doubt the accuracy of the sampling and assaying 
of the smelters to whom the precipitate was usually shipp(‘d, as tluar 
results generally agreed with the independent sampling and assaying at 
the mill; l)ut, of course, it is to be understood that mother party mad(i 
corrected assays. It will, therefore, be seen that the fa(d,or of (healing 
with an unscrupulous smtdter docs not necessarily entcT into the cas(^ in 
hand. 

For the purpose of experimentation there was ere(d<ed, umh^r my dircKi- 
tion, a single stationary pot furnace and a small cupeling furnace. It was 
planned to carry on experiments to determine the relative advantage's of 
fluxing and melting directly in graphite crucibles, prodinfing a bullion 
containing most of the copper; and melting in the (uipel furnace with 
litharge and other fluxes, running off the slag and cupeling the lead, thus 
producing a high-grade bullion. A number of experiments w(^re carri(‘d 
out along both lines and it was finally decided that it would be more 
advantageous to adopt the method of melting in pots. 

The results obtained with the cupel furnace all showed a substantial 
gain over shipping, but as the pot method was the one finally adopted it 
will suffice to give comparative figures for that method and shipping. 
For that purpose I will give the results of two experiments made upon two 
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samples taken from th(‘ pr(M*ipilah‘ eomprisiiiji^ (wo s<‘parat{‘ and distinct 
shipments to the smell 

Thes(^ lar^{‘ sample's laktm at (lie tirm* that llu' pnaapitale was 
being; samph'd for assay prior (o shipnamt. Mvery pnaaudion was taken 
to have tluan truly re'pre'st'ulal iv(‘ of IIh' mass of flu' nial(‘rial ship|)(al and 
in my opinion tlu'y w(‘r(‘ ('vc'ii more' repn'semlat ive of Kh' whoh^ mass than 
the small stimph's iakc'U imh'pe'inh'ntly at tla* mill and smt'lteTv for assay 
Assays upon tlu'sc' iiHh'pe'udc'ut samph*s gi'm'rally c‘lita*k(‘d elosedv. 

In the first shipnu'ut tlu' fim' emnee's of sihu'r and g:old rtatlize'd by 
smelting- 4i)i) lb, of pna'ipitate* and markc'ting bullion w('n‘ 2d()2.()0 and 
40.3595, resp(‘(*iiv(‘ly, '‘riu* fine' ouii(a‘s in ItU) lb. of prtMupitati', as shown 
by the assays at tin'smc'lU'ry and milb and upon wldeh basis the lot of 
precipitate was sold, wc'ra'2250.01 e)rsiha‘r and :I9 .K57 ed’gold. The gain 
in favor of shit)piiig bullion was, sihaw, 52.50 fim' ouma*s; gohl, 0.5025 
fine' ounce'. 


C()Mf5VHATlVK (’OST OK SllUdOXe; UiO IJi. oK K!iK<4PPr M'K VXl) 
PRODKCdxc} Axi) munnsil tuk hi ijje^x from mo of 

lotKidprrA'rK 


Saiiiphiig and nr(‘pnria« fur .HlnpiJHuU 
Dray age. 

KxpH'HH. . 

Saiapliag at siiieOc'ry 
Treat rii(*n( eharges 
I)<‘(lti<*(i(»n.s, gold, 

Deeliietieas, silvi'r 


SJ. It) 
0 aa 
la 01 
I la 

22 aa 

m iu 
2a .se» 


Total erh^t oi sluppiag 4f>0 Wk preri|ii{iito 
Cmt of nielling at $0.00 per «/,. don* btdhoa 
(-ativaH on bars, ete 
Drayage' 

I'Xprc‘HH 

Hc'fining charges 


SSI Ha 
$:12 aa 

0 :io 

U IH 
U Kt» 

d.'i :iK 


Total etwt of melting mil lb preripiiaie imd iddpping 
as bullion. 

Net amount, realised sliippinK Imliidii wa> S'iOT!,(»), atitl tlint realized 
shipping pr(‘eipilatc was mmiHH, a .lilTen-m-.. in fav<.f <.f shiptune 
bullion of $47. Hi. 

TIuh would uinoimt to a .•saving of S!).()2(t7!t p.T iitn* oz. of liore bullion 
(fiiU! ounces gohl plus fine oiiiiecs silver). 

In the second shipnuud Ihi' fine ttunees ,,{.silver and golil n-idized liy 
melting .tOO 11>. of precipitate .'md marketing Imllion wrrv 1297.71 oz. 
sdver, and 21..’):j2 oz. gold respecdivel_\. The tine oim<-c>s in .’t(K) Ih, of 

1 U'Jnu fti t.... .. . i* . > .8 1 
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precipitate, as shown by the assays at the smeltery and mill, and upon 
which basis the lot of precipitate was sold, wero of silver, 123().94 and of 
gold, 21.61. The gain in favor of shi])ping bullion was 33.77 oz. of silver 
and 0.078 oz. of gold. 


COMPARATIVE CX>ST OK SHIPPINC 300 LB. OK PRKXUPITATK AND 
PRODUCING AND SHIPPING THE BULLION KROM 300 LB. OK 

PRECUPITATI^i 


Sampling and preparing for shii)nient. $1.41 

Dr ay age. ().3() 

Express. 11. M 

Sampling at smeltery. 0 . cSO 

Treatment charges. 12. <S3 

Deductions, gold. 9.OS 

Deductions, silver. M .00 

Total cost of shipping 300 lb. precipitate.. $50.28 


Cost of melting at $0.01 per oz. doiA bullion. $12.11 

Canvas on bars, etc. 0.(0 

Dfayage. 0.17 

Express. 5.19 

Refining charges. 12.51 


Total cost of melting 300 lb. precipitate and shipping 

as bullion. $30.OS 


The net amount realized when shipping bullion was $1167.66, a,nd tli(‘ 
net amount rcaliz(‘d wlwn shipping precipitate was $1129.49, a difler(me(‘ 
in favor of shipping bullion of $38.17. This would amount to a sa.ving of 
$0.02969 per fiiu^ oz. of (lord l)ulli()n. 

The saving for four consecutive months, when shipnamts of (lord 
bullion amounted to over 50,000 oz. per month, was in July, $1090.52; 
August, $1056.21; ScTtcmiber, $1178.67; Oetolxa*, $1003.(){; a total of 
$4329 saving for the four months. 

Although the cost of melting (Ic. jxt ounecO was unusually liigli at this 
plant, due to the refractory nature of the pre(‘.ipitat(‘, tlie saving in favor of 
local molting and the shipping of bullion is apparent. I hav(^ obtaimxl 
costs of melting as low as O.le. per ounce in (4mtral America, and others 
have done mu(di bettc^r than this wheni a large volumes of high-grad(‘ silv(‘r 
precipitate was meltcxl under the most favoral)I(^ conditions. 

Within certain limits tlu^ treatment charge upon bullion is usually 
based upon a flat rate per gross oimc(‘-, so that whiU^ apparcmtly tlu^ rate 
is no higher upon bullion containing considerable base material, as a 
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matter of fact as the aiuoinit of I)as(‘ maieriai iuer<‘as(^s, i he^ raU' per j&ne 
ounce of (lor6 also in(U'ea.Hert in (lircM*i proportion io thc^ increase of base. 
To illustrate how this liiight alt(H‘-t tin* saving due to melting, 1 have cal¬ 
culated the saving which would fiav(‘ resulietl it Imllion 950 fiiu^ had been 
shipped instead of the bas(‘ (a)pp(a' bullion Irom ilu^ plaiit in (iuestion. 
During the four months mentioned, t!u' saving in July would have been 
$1557.3(b that in August $151)8.40, in Sc'pttanljer $1(183.24, and in Oc¬ 
tober $1433.25, It will, th(T<‘forcs l)e stHUi that where a iugh-grade pre¬ 
cipitate is produ( 3 (Hl whiclk can be (‘onvertcal into comparatively high-grade 
bullion at a low cost, the saving l>y local melting in a largt^ plant is greater 
than that indicated by tlie figur(\s which I liav<^ givmn 

The saving indicated in this vtinv is plainly dm^ to two caiusc's: Mrst, 
that the ordinary cyanide plant can actually ctuivcrt silver-gold precipi¬ 
tate into bullion cheaper than the eliarge made by the smelters for this 
service; second, that witli local melting and tlie pn^nu' treatment of the 
byproducts, more bullion is reali/aal than tliai iiHli<’att*d by the ordinary 
uncorrccted assays. 

It is only fair to say that these* cminparisuns wca-e mntie a number of 
years ago and that tln^ rates of tn*aimtmf for precipitate and ludlion taken 
are those obtaining at that time. 

il H. (hawnNdKio 

Palo Alto, cm, Mar. lb, PH:I. 


In the discuHsion regarding tlie shipment td eyanith* precipitate, I 
would like to direct attention to om* reason wliieh may aecaamt, in some 
cases, for low results when shipping bars. This is tlie Hhipment of imper- 
fcHjtly ndined bars, which yif4d such erratic asHiiy resullH that the pur¬ 
chaser must ruHtcHsarily put a Itnv valuation on them for his own protec¬ 
tion. In the annual n*port of the llritinh Mint for IHlIb, fbJierls-AuHten 
describes a cyanide bar weighing *193 ok., whtidi wits paid for at £965. 
This bar was refined by itself am! yii4ded gold woiiJi £1028. The 
shipper of the bar lost £03 or over $300. Afti*r paying for the refining, 
such a loss might c^asily be fiifa! to .Hhipmenf of burs as ngninst precipitate 
in a comparison of caiHts. 

In the JouEMAn for Apr. 13, I!) 12, I liiivi* given a table of erratic assays. 
of cyanide bars from the* mima It would be a fiie/.ardous under¬ 

taking to determim* from these itHsays just how much gold tliesc bars 
contained Home bullion deposited by the Meretir mine just before 
closing down was better refined iiitd higher grade. Hnmples from three 
bars of thc^se later shipmentH were iisnayed in duplicate in three labora¬ 
tories with the following results: 
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1st Laboratory 
2d Laboratory. 
3d Laboratory. 


1st Bar gold' 

920.1 fine 
.2 fine 
920.8 fine 
.8 fine 

920.1 fine 
.3 fine 


2d Bar gold 
916.3 fine 
.7 fine 
916.8 fine 
.5 fine 
916.5 fine 
.6 fine 


3d Bar gold 

884.2 fine 
.5 fine 
884.5 fine 
885. fine 
884.0 fine 
.3 fine 


These results show a vast improvement over the former assays of 
Mercur bars. 


Fredekic P. Dewey, 
Assayer, Mint Burc^au. 


Washington, D. C., Apr. 28, 1913. 
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CONTINUOUS DECANTATION OF SLIME 

The a(lv('nt of a lunv pnxM'ss is not re^arthMl with <‘xeit('na‘nt in the 
metallurgical world. Too many ot tluiu have appenr(*(h led a struggling 
existence for a lew montiis, or longta* in some eases, and tlum disappeared 
without leaving nuiny ri[)pl(‘S in tin* pla(a‘S wlu*re they existed. I)(‘velop- 
mcmt of existing and pnwed pnHa\ssc‘s, hcnvever, is rt‘garded with interest, 
and as each st(‘p in a<lvanee proves its wmili it is imau’poratcsl into the 
system of approvc'd and satislacdory metliotis. 

In the days wluui tin* decantation metluHl of treating slime was the 
only ()n(‘known, op(‘rators made scadiuis etiorts tti itnprove it, particndarly 



to find somc‘ way of avoi<iiiig the losses wldtdi la’ciirnal in discharging 
residues eontaining moisture charged with lioth c‘yaiiidt» and valuable 
metal in dissolvcal form. The necessity f*ir improvement brought forth 
th(^ slime filtcTS, and for a hnig time experiments in deeantation were 
dis(a)ntinu(‘d. AfUw many years filtering, however, the suspicion 
rcunains that tin* dcaaintaiitm process might be improve*! so as to <aan|)cde 
with filtration, the* camt of operation am! iiiiiiiiteiiitnt*e tif existing filtering 
apparatus going far toward Htrengfheiiing that Mispicdon. It may be said 

ini 
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that the cost of slime filtration varies from 10c, to maximum figures which 
would be regarded with suspicion were I to mention them. Including 
cost of operation, maintenance and loss in dissolved metal, the minimum 
figure above mentioned is extixmudy low and I doubt whether there are 
any number of plants in existence attaining it. It will be seen that there 
is, then, an opportunity for improvement, for if any procedures can suc¬ 
cessfully reduce these costs or losses, or evem (‘qual them without the use 
of complicated and exjxmsive^ machinc'ry, it will stand a good (‘hance for 
approval and success. 

Development of Proposed System. —Lately some ])rogress has been 
made toward (hweloping a process of continuous d(‘cantation, which is 
nothing new, but a developmmit ol the methods used b(d‘or(^ the filters 
came into use. In the old intermittent decantation proc(\ss the slinu^ 
after being agitated with a quantity of solution was allow(‘(l to settle, the 
solution decanted off and a lu^w bath of solution ])iit on. This was in 
turn agitated, allowed to setthi and again decanU'd, th(^ process being 
carried on as many tinu's as was thought necessary. The (‘ffici(nu‘.y of 
fresh solution washes was r(H*ognized, particularly wlnm this solution was 
barren or freshly mad(‘ up or r(‘g(Hierat(Hl, but tlu^ difficulty witli this 
system was the (mormons quantiticss of solution to be handhnl in addition 
to the impossibility of r(Hlucing the moisture conUmt of tlu^ final ])ul]) to 
such a point that too much dissolved medal and valuable cyanides should 
not be thrown away. This n(‘w devedopment attempts to ac(*.omplish a 
solution of both difficmltic^s by means of a (umtinuous-dec-antation and 
thickening pr()C(\ss using solutions flowing opposites to tlu^ course of the 
pulp. The fa(d that this method has sc'cmed feasible to a number of 
competent metallurgists and is actually in opcTation in a number of in¬ 
stances makes it worthy of att(mtion and in this })ap('r i-wo such phmts 
will be described. 

Milling in Cyanide Solution.— The i)lants in (pu'stion an^ tlu^ mills of 
the Ophir Gold Mines, Milling & Powct (h)., at Ophir, Han Migind ('ounty, 
Colorado, and of the Blue Flag Gold Mining (h)., in th(^ (hnpple CJnmk 
district. Both arc of rec^ent construction, and while opc^rations have not 
been carried on long enough to provider satisfactory d('tails of (a)Ht and 
maintenance, the metallurgy has shown sufficient ])r()misc of sucaa^ss to 
warrant consideration. 

The Ophir mill crushers ore with stamps, the installation including 20 
of 850 lb. each with 6-in. drop and 104 drops pc^r min. From the stamps 
the pulp goes to a Dorr (dasaifier, wIutc the slime is passed to a Dorr Thick¬ 
ener and the sand reground in a Hardinge mill, from which it is pumpeal 
back to the classifier, the circuit bcang closed and only solids of suffici(mt 
ffineness reaching the thickener. 

A point of interest is that the overflow solution from the first thickencT 
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is the only one prochpikikMl. If, is passed f hroUKh a clarilhT and precipi¬ 
tated with zin(i dust. 'Idu' i hickened pulp is pa.ss(‘<l (o two agitation tanks 
of the Dorr typo, f.hroufrh which it passes in s(>rii“s and winaa' it is calcu¬ 
lated that tlui extraction is practically e<iini)lefed. Leaviiifr the uftitators 




Sltirrn p' 


yWISof P.A 


triS 


Hkn t Ucr/df 


Nal Dorr 


Thickener 


35x12' 


. ! 



Hill 111H 

' i_^ 'J ■■ 

liojjiff I'affip 








Dorr A«.|sft'ttMr %. It? 


.1' 




... 








h«/. .. A* 


Ho3 Dorr Y 

.r $ 
^AU.Qii 

; 


Thicktn|r 

HCH iO 


i hi t'ris**? *"1 ? I'l 

33x12 

PA iO 

. Si 




" ‘1 i h . 

K, St , 

I *4 


v-d/ 



ui /VyYi.K 


No4 Dorr 
Thick«fi«r 
53x12' 

d i 

'kUO'IT 

KCNOSi' 

PAoa> 

i 


pi a SI*’.'! I 


Y” # 
4;. Y 
,Y 4 Y’ 

Yr.r/' I /4YY 


* ttth‘ 


[mrshmtf 


1/ 4r' Yt'/.♦v A'i? 


O 


ri4HV jiliKi-rr nr mii.l, 

the pulp m delivetr(‘d to the iiwt fd ii Kerie^ tjf fnitr thiekenerHi through 
which it piiHHCH witli liueccHHive ctihiikuiH initil it m fiiiiilly discharged from 
the last one, washed practicallv free of mM in Moluilun. ‘ 








CONTINUOUS DECANTATION OF SLIME 


99 


The overflow solution from the first of these thi(?koners is returned to 
the mill solution tank, where it is used in milling and classifying, the 
result being a concentrated solution for precipitation. The barren 
solution from precipitation goes to dilute the inflow into the second 
thickener, the overflow from which goes back into the first. The accom¬ 
panying flow sheet shows the movement of pulp and solution throughout 
the mill. It will be noted that water is taken into circulation at the 
end of the washing period, the logical point of entry for it, and prac¬ 
tically replaces the solution which comes with the solids to that point. 

Progress of Solutions. —-It will also be noticed that the progress of 
solutions is contrary to the direction of pulp flow, the solutions being 
constantly enriched. The figures given in the flow sheet are based on ore 
carrying $5 in gold and the contents of solutions arc given in pounds of 
KCN and lime. The calculations of thickening are based on withdrawing 
a pulp from each thickener which consists of half solids and half solution. 
This is accomplished in practice, in fact a slightly thicker pulp can be ob¬ 
tained, thus increasing the effici(m(‘.y of the process. It has been in opera¬ 
tion only a short time but the results obtairuKl have been in complete 
accordance with the figures shown. It will be s(‘(‘n that the installation is 
simple and inexpensive, may be operated by a minimum amoxmt of labor 
and accomplishes a washing of pulp and removal of dissolved mcd/als that 
is, to say the least, comparable with good filtration work. 

The lime in this mill is added at the bins and go(^s through the circula¬ 
tion with the pulp. The consumption amounts to about 0.9 lb. per ton 
of ore. The value of the process depends a great deal on using solutions 
of low cyanide content and the existence of a plentiful water supply, which 
conditions are satisfactorily met in this case. The flow sheet shows all 
the details of the process and apparatus and no further explanation is 
needed. 

The Cripple Creek Installation.— The Blue Flag mill is situated be¬ 
tween Cripple Creek and Victor in ('dorado. The ore averages bc^twcuai 
$5 and $6 and is to a great extent from the duini)s. Thci coarse ore is 
dumped on to a steel conveying and pi(‘king belt where a portion of the 
barren rock is removed. From the picking belt it is passed througlr a 
12 X 18-in. Dodge crusher and through a Symons disk cjrusher from whicli 
it emerges reduced to about f-in. cubes. The finely crushed ore is then 
delivered to a special form of Chilean mill which consists of a concawe die 
ring 7 ft. in diameter, over which convex rolk^rs pass. The rollers are 
small, weighing only 700 to 800 lb. each. The mill makes 36 r.p.m. and 
grinds the ore, in cyanide solution of 1| per ton strength, through a 30- 
mesh screen. Solution used at the rate of about five to one. 

The pulp as it comes from the mills is delivered to the series of agi¬ 
tating tanks through which it passes continuously. These tanks are 14 
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ft. diameter and 16 ft. deep having cone bottoms at an angle of 55°. The 
agitation is pneumatic, elevating the pulp through a central tube. 

This point in the process is open to criticism, as the pulp from the 
mills is in too coarse condition for economical agitation, to say nothing 
of the metallurgy of it. If it is true that finer crushing is not necessary, 
then it would seem reasonable to separate the coarse portion of the solids 
and treat it separately by some more economical means. The pulp under¬ 
going agitation has the following approximate grading analysis: On 30 
mesh, 0 to 0.5%; on 40 mesh, 4 to 9%; on 60 mesh, 22 to 24%; on 80 
mesh, 35 to 36%; on 120 mesh, 58 to 60% and through 120 mesh, 40 to 
42%. The grading statement is cumulative. Pulp of this class requires 
excessive power to keep it in circulation. 



DIAGRAM OF CONTINUOUS COUNTER-CURRENT DECANTATION AT BLUE FLAG MILL. 

Continuous Washing. —The pulp is in circulation through the agita¬ 
tion tanks for about nine hours and the extraction in them amounts to 
about 70%. In considering the extraction results it must be remem¬ 
bered that this is on the refractory ore of the Cripple Creek district. 
The cyanide consumed in the process is about 0.35 lb. of which 0.15 lb, 
is mechanical loss. Lime is added to the ore bins and progresses with the 
pulp, the consumption being about 2^- lb. per ton milled. 

The pulp from the agitators is taken to a series of four thickeners and 
is washed through them after the manner described in the Ophir mill. 
The accompanying diagram shows the flow of pulp and solutions through 
them. In the case of the Blue Flag mill, also, it has been found possible 
to secure a thickened pulp containing less than 50% moisture. In this 
instance, also, it has been found that the calculations, based on 50% 
thickening, are borne out in practice. 

Other Combinations. —It should be remembered that this development 
is not recommended to cure all the ills that cyaniders are heir to, but 
is a progression along conservative lines and one that should eventually 
lead to a fixed system available in cases where the character of the ore 
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will bear such treatment and where other local conditions are favorable. 
It is a system which, while not yet perfected, will be well worth following. 
It is easy to see that other combinations are possible, such as using a 
greater number of thickeners, of this type or any other satisfactory one, 
and by precipitating two or more different solutions. The two installa¬ 
tions mentioned are not by any means the only ones using it. They may 
not even be the ones where it is most advanced, the idea in pro\senting the 
matter being principally to draw attention to the facit that there is a- 
system in course of development which may ])ossibIy lead to decided 
economies in the cases of ores to which it is applical)l(‘. 
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PRACTICE AT TONOPAH 

The Touopuh (listri(*t. ofTc^rn thc^ stu<Unit of t‘oiit(‘iu|)()rary metal¬ 
lurgy what is pr()I)al)Iy i h(» most. iul(*rc*stiug dt^niousfratiou of the tdfieioucy 
of the cyanido proet^ss applied to silver orc‘s. 11ii.s is not to say that the 
general methods in us(‘ ar(^ origiuah as they an* not, hut tin* application 
of tliese methods has hcsai at4ina‘d to the nsiuirenients of the particular 
ores to be tn^atcnl ami tlu* problems have he<*n atta<*kcMl and solved with 
praise worthy (*ons(‘rvativt* judgnnmt. It is !»oth intc*rc*sting and note¬ 
worthy that in all the* Tonopah <!istriet then* is m>t one i<ile reduction 
plant, nor one which has laam dc*sigiuHl by a tyro to im*lude exaggerated 
ideas or ^dnatks.” All tin* plants camform to standard practice, are 
built aft(*r tru*d and i)rovt*d plans ami (*inl*ody (»nly sm‘h variations as 
have s<H 3 med b(*st adapted to care for the c’haraeteristics ol tfn^ local ores. 

It is also noteworthy tluit iliere is not a mill in Toiu^pah wlticli has not 
[)aid for itself out of profits won from the ores of tin* mine it was designed 
to treat, the only (*xeeption at the present time Inung one, or possildy two, 
of the most recamily built mills wlii(*h hart* not yet had time to accomplish 
this feat, l)ut which will, witliout. any {fuestion, eomplete tin* naiuiremcmts 
within a few months. Possibly tin* most notrworthy ata’omplisliment of 
this kind is tliat of tin* WvhI Had mill, which returned stiflieieni profit 
within seven months to pay for fin* installation. If is tf^Iie reinemhered 
that this is an old mill, relmilt twice Indore rt‘arliing its present condition, 
but still pewforming atlmirable \vork at a cost whifdi Is «»otnpariil)le with 
that attained l)y tlie more* rec*ent plants. 

The Ores of Tonopah. Tin* geology iind <*harimter id the Tonopah 
ores have been suflic*ie*ntly dc*Heribed in the feehniefd press from time to 
time and it will lee suf!ic*ii»iii to etm-sidiw them here only in .relation to 
their attitude toward twanidation. 11tey may be said to he of medium 
hardness and crush witliout any great aimnmt of trouble. I'liis statement 
is made not so much in <*onsi«h‘ring the or<’S ns a single problem, hut as 
comparing tluan with tin* mek ireatis! in tin* eyanitle pliintH of other 
districts. For instanc*e, it migld In* sahl that tlie 'Foiiopah ores are sceme- 
wliat hanler than that cef tin* Poreiiptne disfriet, wliteh differ essentially, 
of course, in (diaracfcw, am! not so harit as many of tlnne of tlie Cobalt 
district. Tliey are piwliapsabout efpial toinoMtuf tlieorescff tin* P(r/.oHdLH- 
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districts of Mexico. They may, briefly, be said to be medium ores as 
far as resistance to fine reduction is concerned. 

There are under treatment, as is usual in districts as comparatively 
recent as Tonopah, both oxidized and sulphide ores. The oxidized ores 
have not presented any great difficulties of metallurgy, but the sulphides 
have, in many cases, presented a complexity of nature which is not so 
simply handled. Reference to the current descriptions of these or('s will 
show their character, but it is probably not superfluous to call attention 
to the fact that in some of the high-grade sulphide ores mercury lias b(^en 
found in small quantities. I have seen a specimen of sulphide ore which 
shows a quantity of cinnabar. These sulphides are not always simply 
treated and in some cases, as will be noted, it was found advisable to 
remove them by concentration before proceeding to the cyanidation of 
the bulk of the ore. 

The mill of the West End (kinsolidated Mining (Jo. is situated at tht^ 
southeast edge of the town of Tonopah. At the mine shaft tlu^ or(^ is 
crushed to break up all large boulders. The ore is brought to the mill in 
auto trucks and delivered into a bin, from which it passes through a 
10X20-in. Blake crusher. A bucket elevator dc^livers the (anislKul orc^ 
into a 32 X 72-in. trommel with 1-in. apertures, the oversize going to a 
No. 3 Kennedy crusher. The crusher product joins the umh^rsize from 
the trommel and is carried by a licit conveyor with 14° incline', 14-in. 
belt, to the 200-ton battery bin. 

Stamp Installation.— There are 10 stamps of 1200 lb. ami 10 of 1300 
lb., fed by means of suspended ("Jhallenge feeders. The stamps drop 
through 6|- in. 101 times per minute. The stamp duty at present is 
about 7.5 tons per day per stamp. 

From the stamps the pulp is fed into two Dorr (dassifiers, whi(4i d('liv(‘r 
into two 5X18-ft. tube mills. The classifiers are placed (dose in front of 
the batteries, and the tube mills are ranged with their long axc'S ])arall('l 
to the batteries, the discharge end of one of them fronting the fecal (md 
of the other. This has been done with the idea of oc(nipying the h'ast 
possible space in the direction of the mill fall. As the mill is a re(a)n- 
structed one, having formerly been the first amalgamating mill in thc^ 
district, a free hand in designing the arrangement was not obtainable^ 
but the advantages have been well handled and the arratigcmumt is 
such as to permit economical handling of the material. 

Tube-Mill Linings.— It will be noticed that the tube mills in use are of 
large diameter and short length. It seems that this type is meeting with 
almost universal approval from metallurgists of the present day, the con¬ 
clusion being that in the former long mills there was a great deal of spa(‘.e 
at the discharge end which did not perform any useful work. Tho changes 
toward larger diameters and less length has resulted in an increased pro- 
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duction of slime at a power consumption, per ton of ore, equal to or less 
than with the long tubes. There is an added advantage in the smaller 
floor space occupied. 

At the West End mill the linings used in the tube mills are of tlu^ 
smooth, cast-iron type, as hard as they can be made. The operators 
claim that with this lining the power consumption is less than when sil(‘x 
is used or any of the ribbed types and that the output is satisfactory in 
quantity and character. In this point the investigator has to fac(^ a 
peculiar problem which seems to have no direct solution. Smooth linings 
for tube mills were used in the days long ago and were discarded in most 
places for silex or the ribbed types, where the w('.ar does not ctome direcitly 
upon the lining, or at any rate, is not supposed to do so. Yet we have 
here a recurrence to the older type, with the claim of Ixdter results. This 
circumstance would not be so strange if the operators in the distritd 
working upon the same character of ore were in accord, but they are not. 
The Belmont mill has made tests using silex in competition with smooth 
linings and giving preference to the silex. Tests have also been made at 
the West End mill, and the result is said to be in favor of th(i smooth 
lining. 

In cases of this kind no dc'finite conclusions can b(^ drawn at the 
present time, the only recourses being to await dcvelopnamis, it Ixung 
more than probable than th(i operators in the district will evcmtually 
agree upon the most effective form. It is noteworthy tliat both tlu^ 
smooth cast-iron linings and the silex linings were tried out in Mexi(a) 
years ago and discarded in favor of ribbed linings. The Komata form 
was tested here, but the increasexl power required, together with its 
high cost, have prevented its use. At the Goldfield ConsolidatcKl mill, 
however, these linings are in use and it is stated that they are the most 
economical and effective ever tried. It is true that there is an in(‘.reas(^ 
in the power required to drive the mill, but the increased production 
more than compensates for the additional power used. 

When the West End plant was first started both of the tube mills were 
moved by a 100-hp. motor and the pebble charge was carricnl at or slightly 
below the center of the mill. The power was ample with this arrang(‘.- 
ment. With the desire to increase capacity, experimemts were made with 
the object of securing greater capacity by increasing the charge of pebbles 
in the tube mills. It was soon found that the power was insufficient, but 
as a result of many testsj the 100-hp. motor formerly driving the two mills 
was replaced by a 150-hp. motor and the pebble charge carried six inches 
above the mill center. 

Solely by this change the capacity of the plant was increased from 100 
to 150 tons per day, the increased work performed by the tube mills 
allowing a coarser screen to be used on the batteries. The actual power 
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taken by the two mills is from 120 to 125 hp. This result is noteworthy? 
and has the effect of rendering the use of the counter-spiral discharge un¬ 
suitable for a mill of the kind, as the high pebble charge is likely to force 
out some of the pebbles through the discharge end. A grating is usually 
used in mills of the kind, which, of course, precludes the feeding of pebbles 
at the discharge end. Experiments with tube mills of large diameter and 
varying pebble charges ought to be productive of interesting results. 

Concentrating the Slime. —The tube-mill product is returned to the 
classifiers by means of a bucket elevator and the slime from the classifiers 
is taken to the concentrating department of the mill which is of recent in¬ 
stallation. The slime is led to four 8-ft. Callow thickening cones, the 
thickened slime being concentrated on 12 Deister slime concentrators. 
After concentration the slime tailing from the concentrators is returned to 
four Dorr thickeners, 16X10 ft. each, part of the overflow being used for 
the concentrator-table washes and returning with the pulp to the thick¬ 
eners. The slime pulp contains about 90% through a 200-mesh screen. 

Four diaphragm pumps are used for lifting the thickened slime from 
the thickeners into the agitation tanks. The suction of these pumps is 
connected directly to the outlet from the thickeners and consequently any 
regulation of thickener discharge has to be made by varying the adjust¬ 
ment of the pumps. Personal experience has not been such as to inspire 
a great deal of confidence in diaphragm pumps, as they have usually 
proved unreliable and likely to lose their priming or break the diaphragms 
at most inopportune times, but at the West End mill they are working 
successfully and have given entire satisfaction. Due to the fact that they 
are essentially a suction pump, they have been placed at a height where 
their delivery can flow by gravity into the agitation tanks. 

The system of having the pump suction connected directly to the 
thickener has the advantage of avoiding spilling of the pulp and makes a 
direct and tight connection from the thickeners to the agitation tanks, but 
the disadvantage is that adjustment or change of the thickener discharge 
has to be made on the pumps, either by changing the throw or speed, 
making the operation slow and necessarily performed at a distance from 
the thickener itself. It seems possible that a preferable arrangement 
would be to allow the thickened slime to fall directly into an appropriate 
sump from which it could be picked up and delivered to the elevation re¬ 
quired. This change would allow of prompt and effective regulation of 
the thickener outflow. 

Agitation System. —There are four agitation tanks, each 24X8 ft., 
arranged for continuous agitation and carrying Trent agitators. The 
continuous arrangement is such that in the passage from tank to tank the 
pulp is required to pass through the pump suction and enter each tank 
through the Trent agitators, thus insuring the maximum agitation and 
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avoiding short circuits across the top of the tank. The centrifugal pumps 
used are the Kelly & Campbell, a local make which has been designed to 
make replacement of worn parts easy and rapid, and the wearing part or 
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liner is designed to require no machining so that it can be chilled all over. 
These pumps are used throughout the mill and, in. fact, throughout the 
district, and have riven entire satisfaction. 
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The difficulties encountered with Trent agitators at other mills, 
notably the Hoilinger, at Porcupine, Canada, and at the Mexican, in 
Virginia City, Nev., are not found at the West End mill, nor in some other 
mills in the district where they are largely used, as will be noted. Here 
they give satisfactory results and the operators are well pleased with their 
performance. The centrifugal pumps used have 4--in. delivery and give a 
pressure of from 14 to 16 lb. per sq. in. The agitator arms make 3| 
r.p.m. and the operation of the agitator is said to require from 7 to 9 hp., 
varying, naturally, with the consistency of the pulp and somewhat on 
other temporary variations. 

From the agitation tanks the pulp is elevated by means of a 6-in. 
centrifugal pump of the type already mentioned into a 28X22-ft. 
Dorr thickener, the overflow solution going to the pregnant-solution 
tank and the thickened slime into an 8X28-ft. stock tank, which feeds 
the filter. 

The filter is a 100-leaf installation of the usual stationary vacuum type 
and presents no novelties in the system of operation. The slime is of 
such character that a light, soft, spongy cake can be made which is easy 
to wash, a cake 1| in. thick being readily made and washed. As 
proof of the ready washing character of the material the operators have 
shown that shortly after one replacement of the contained solution is 
made, the value of the effluent solution drops down nearly to the value of 
the wash solution used. By a replacement^^ is meant the passing 
through the cake of a quantity of solution equal to the amount contained 
as moisture in the cake. By passing another replacement of water 
through the cake the cyanide-bearing solution is nearly entirely displaced, 
the water taking its place. It should be remembered, however, that a 
cake of this homogeneity and porosity is unusual and it would be difficult 
to point to many examples of the kind. A l|-in. cake is made in 
from 45 to 60 minutes and is given a three-hour solution wash in order to 
take advantage of the additional extraction noted below. Due to the 
local conditions, the residue from the filtering operation has to be repulped 
with a minimum of water and pumped away, there being no available 
method of running to waste by gravity. 

Rotary Vacuum Pump. —The vacuum pump is a type I have not seen 
used for this purpose, and as it has advantages which are material, it is 
well worth mention. It is a Connersville cycloidal machine, 5JX8 in., 
and has 2j-in. suction and discharge. It consumes only three to four 
horsepower and maintains a vacuum of 19 in. at this altitude (6000 ft.) 
The machine is low in first cost, occupies an exceedingly small floor space 
and has an admirable maintenance cost, there having been no repairs on 
it since its installation. Machines of this class ought to be investigated 
for this work, as the record of this particular installation is admirable 
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in the extreme. It is constructed like a positive blower, having two lobes 
revolving in conjunction with each other. 

The filter tank is equipped with air lifts to aid in keeping the material 
in suspension. After forming the cake on the filter it is given a solution 
wash for three hours, during which time an additional extraction of silver 
of from 1 to 2% is gained. The point of additional extraction, is extremely 
interesting and is one which has been verified in several of the mills in 
the district, the additional metal dissolved varying from 1 to 3% in vari¬ 
ous plants. 

Of the filter leaves, five are acid-tr(iatcKl each day, using HCd of 0.5 
to 1% strength. It has been shown in many mills of late that the fre¬ 
quent treatment of filter leaves in dilute acid lengthens their life con¬ 
siderably and does not tend to harden the canvas as docs more coiu'.en- 
trated acid. 

Zinc shavings are used in the usual way for prc^cipitating the nud-al 
from solutions, the installation (‘consisting of six box(‘s of six compart¬ 
ments each. The precipitate is collected, partially dried and nudted in 
Faber du Faur furnaces, which are equipped with a special low-pressure 
burner. 

The ore treated varies in value from $18 to $20 pcT ton, the propor¬ 
tion of silver to gold being about as 100:1. Th(^ (extraction in the mill 
varies from 90 to 92% of the contained metal. The power consum(Hl is 
two horsepower per ton of ore treated, and the regular for(*,e of operatives 
consists of 18 men. 

The consumption of the principal supplies used in (‘.yaniding is as 
follows: K('N, 3 lb. per ton of ore treated; (JaO, 3 lb.; k^ad acetat(‘, 
0.5 lb; zinc, 1.8 lb.; pebbles, G lb. The total cost of treatment amounts 
to about $3.30 per ton of ore treated. The accompanying flow Bh(‘(‘t 
gives the details of the mill operation and the machinery used. 

The Montana-Tonopah Mill.— The Montana-Tonopah mill is on(‘ of 
the original mills in the district to treat ores by total sliming. It wu,s 
constructed to make use of concentration, but this has been partially 
eliminated and now is using only a partial concentration system. 

The ore is first put through a No. 5K Gates gyratory crusher, from 
which it is elevated and passed through two No. 3D short-head crushers 
of the same make, thence going by means of a 14-in. belt (devator into 
the battery bin. 

There are 40 stamps of 1100 lb., dropping 102 times per minute 
through 7| in. The screen used is a “torwjap” eqmil to al)out 25 
mesh. Stamp crushing is universal in the cam|) and tlu^ Montana- 
Tonopah is in line with general practice. 

From the batteries the pulp is classified in cone classifiers, the slimes 
going to the settlers and the sand being concentrated on eight Wilfloy 
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simd tables. The sand from the eoiuxmtrators passes to two Dorr duplex 
classifiers operating in closed circuit with two Allis-Cdialmers tube mills, 
each 5X22 ft. The grinding capacity of this mill is in excess of its leach¬ 
ing and agitating capacity and only one of the tube-mill sets is in use, the 
other being held in reserve so that no time is lost on account of relining 
or repairing the tube mill. 

It will be noticed that tlu^ tube mills in this installation are the long 
type, which is due to the fact that they wer(', installed before the genc^ral 
opinion turned toward tlie short, large-diameter mills. Most of the tube 
mills used at present in the districtt are the latter type, which is most gen¬ 
erally favored. Smooth (^ast-stca^ linings are used in the tube mills, this 
arrangement having proved satisfactory in efficiency and economy. 

Types of Agitators in Use. -The slime is settled in cone-bottom tanks, 
of which there are four, ea(^h 3()X 10 ft., with a 9*^ i)ointed bottom. Tlie 
thickened slimes is taken to om^ of eight agitation tanks, which arc operated 
on the intcrmittent-(diarge system. TIuto are six 22X15-ft. tanks, con¬ 
taining Hendryx agitators; on(‘ 22X12-ft. tank, and one 27X12-ft. tank, 
each e(iuipp('d with a Trcuit agitator. 

In this plant an op])ortunity has been had to compare the work and re¬ 
sults accomplisluMl with tlu^ Trcmt and Ilcmdryx systems, ami it is not(^- 
worthy that the operators pnTer tlu^ Hcuxdryx, although admitting that 
it r(H][uir(‘s a grt^atc^r amount of pow(T to drive it, resulting in a greater 
expense. It is claim(‘d tliat the extraction results are better with the 
Hendryx devica^ and that it gives a grcait deal l(‘ss trouble than th(^ Trent. 
The main difficulty with the latter s(aans to l)e that it is (^xtremc^ly likely 
to becomes stopped up with splintc'xs or caked slime and also that it is not 
so efficient in getting extraction results. This matter of difference of 
opinion in referemee to agitators will be mentioned again in discussing 
further the practical in this district. 

The agitation in th(\se tanks is continmal for 54 hr. in a solution con¬ 
taining 5 lb. K("N per ton. Lime is added to the agitators in powdercal 
form, the consumption Ixang three pounds per ton of ore. Th(^ treatment 
solutions are kept heatcal to 110®, by whi(di means the extra(‘,tion of silver 
is said to b(^ materially incr(ais(al. 

Stationary Vacuum Filter.~Th(‘ filtc^r installation consists of a sta¬ 
tionary plant of the Butt(‘rs type, containing a total of 140 kawes, of 
which only 100 are naiuired to handle the capacity of the mill. The filter 
is worked in five (cycles per 24 hr., three hours being used for taking out 
and acid-treating the kiaves, the filt(^ring operation ceasing for that period. 
Each day six leaves are treated, and weak acid is used for the process, the 
average being about 2% H(T. Frequent treatment with weak acid keeps 
the filter leaves in good condition, avoids accumulation of large quantities 
of lime on the canvas and notably lengthens the life of the leaf. The weak 
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acid does not d(‘siroy th(‘ (Jirc'ad uscal in scvvinii: ih(‘ l(‘af and does not 
harden the canvas as strong' acid dots, hi trcaating (h(‘ hanvc^s frecjuently 
only a small (quantity of limc' is allowt‘d to m*eunmlah^ on llu^ l(‘aves and 
the weak acid is (dTectivc^ in rmnoving it. 
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The time* of forming tin* cake is 45 min., a l|4m ciiki* being built up“ 
in tliis tinua Holution wash is continued for three hours and it slight addb 
tional extraction is gained in this time. The ndditioiiid 1 ‘Xtraetitm gained 
on th(‘ filter is so small hi tliis ease an to lie almost negligible, thus difTering 
from the experience* of some plants in the distrief, wliere appreciable 
quantities of metal are cliHsolved during t!ie Holulioii-waHliiiiir tieriod. 
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Due to the fact that a railroad spur runs through the property, it was 
necessary to design the mill in two units, one of which includes the crush¬ 
ing, grinding and concentrating units and the other the cyanide plant. 
This disadvantage is somewhat offset l)y the advantage gained in receiv¬ 
ing supplies directly at the mill and the loading of concentrate without 
haulage expense. The concentrate is shipped to a smelting plant. 

Zinc-dust Precipitation. —The Merrill system of zinc-dust precipitation 
is used, the consumption of zinc being equal weight with the bullion re¬ 
covered. The precipitate is melted in oil-fired furnaces, no acid treat¬ 
ment being practised. 

The total extraction resulting from the ore treatment is about 02.6% 
and this total is divided into 20% in cjoncentration, 20% in contact with 
solutions and 52.6% in agitation. The cost of benefication is placed at 
$3.09, which figure docs not include the general expense items. Tlu^ c<on- 
sumption of material is 8 lb. lime per ton of ore treated, 3 lb. (cyanide, 
0.75 lb. lead acetate; pebbles, 1| lb. per ton treated. The mill treats 
from 145 to 150 tons per day, and the ore contains 20 oz. silver and about 
$4 gold. The mill re(|uircs 320 hp. for its operation and employs 19 men 
regularly. 

As this is the oldest mill in the diii^trict maintaining its original con¬ 
struction and treatment plan, some of the later ideas are not includcKl. 
This is to be especially noted in the case of the tube mills, tlu^ long type 
being used instead of the shorter ones, which conform to later ideas. 
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PRACTICE AT TONOPOH Continued 

Th(‘ mill of tli(‘ 'I’ou(>pah Kxtoasi(m Miuinic ^'o. is sitimtcMl at the 
of th(‘ (own of TcMiopali. It is c»no eh' (he* lutca* mills and (‘lubodies 
more na'cait ith'as in mtdalluri^y of tlio Tcujopah oros, Sonu' of these 
(k'partunss an* of miadi inttaa^st. among thorn tho uso of tulx* itiilhs in 
taauh'in. 

Th(M)r(* is first orushoti tlirough a Nta *1 Koimotly gyratory camshorand 
is tlH‘U tak(*u hy an irndimal ladt c»onvo\aa' (o tho mill bins, t'rom these 
it is fed through sus[M‘ndo<i (diallongt* foocha’s into tho stamps. There 
ar(* thirty lOhOdh. stamps having 7-in. drofi and 100 dnjps per mia. 
Four of tin* ba(tca*i(‘s an* ocfuippod with l2-fnos!i sia‘oons and two with 
2“mc\sh s(‘r(‘e*ns of tin* *‘ton-<’ap‘' typo, tlio «»bjoot tho us(‘ of these 
diir(*r(*nt s(a’(‘(*ns heiiig to furnish a pulp of variod oonrstaioss witli the id(‘a 
of iuen^asiug tlu* (‘flieieney of tlu‘ tnl)o milh. It is maintaimHl that the 
eo<ars(a* portion of tfu* pulp not only provides a moans of satisfaetorily 
using a. part of tin* grinding atdion of tin* polddos whioh is (‘X[Haided in 
erushing upon th(‘msolvos, but acdually assists in grinding tin* finer 
portions into slime*. 

Tube-mill Arrangement. Id’om tho Ixattorios tlto ptdp is r(*t‘eived 
hy a duplc*x Dorr olassifior, whioh romm’os tlio sliiin* ami dc’livers the 
sand and eoarscT rot*k into tho first tube mill. I'lns is a macdiine ft ft. 
diam(*t*(‘r and IH ft. Itmg, following flio rooonf aoo«*ptod closign. It is 
o(pupp(‘d with spiral sc*oop tVodor ami Komata lining, and mnk<*s 27 r.p.m. 
In this mill th(‘n* is but oiio paasugo of tho pulp, thoro biang no nit urn of 
ov(‘rsiz(* to it. It pt*rformH n hoavy fluty in nsfiioing tho lnrg<*r particles 
of tlie pulp, m tin* analysis shows. 

From this first tubf* mill tin* pulp is roeoivofi by n somimi I)orrf'lassifier, 
th(* slirm* is tuk(*n out and jotiiH tin* sfroaiii from tho first, and tin* sand 
retiuiring n*grin(ling is lod into tlio Sf‘t*oml tubo mill. This mill is the 
same* sizf* as tin* firs! ono, Imt is ociuippoil witli a sincKith <*nst lining, in 
distimd.ion to tin* first which has a Kmnata lining. I loro I ho fim* sand is 
ground into the* slime* nH|uin»d for t<»la! pulp. Idio proibiot issuing from 
tin* mill is n'turmxl to tin* nmnnul olussifim’, thus ftirming a olosiai eireuit 
from whieli only tin* portion light onoiigli in pass ovor tho diH(*harge of 
tin* Dorr elassifi(*r issuos. Tho af’ooiiipaiiying titblo hIiowh tin* olasHifiea- 
tion of the* c*nt<*nng and ksuing pulp of omdi mil! ami also th<* elassifier 
overflows. 
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TOXOPAH EXTENSION MILL. 









niCiWILS OF (’^^\N!0^: VUM'^VU'K 


1 H) 

The Agitation System. I'^nnn fin* n'grinding sysfc^ni l\w pulp jg 
taken to four eoiu'-ljolloin st^ifling tanks, t‘aeh 21 \ H> it., wlua'e tlio col¬ 
lection of slinu^ is niadi\ the ovtallowing solution lading eitluT pumped 
l)a(dvfor furtluT us(^ or smit to the pn‘eifutation dt‘partmen!, a(‘(*or(ling to 
conditions. This hulk of solution is uscal to maintain ilu^ balance 
})etwe(ui prtMupita.iion and the total solution used in the mill. 

Froiii the s(‘itl(‘rs l\w slinu* is drawn inti^ the agitation tanks, of 
whhdi tlKU'c are four, (aich 21 X Hi ft., all etpuppcHl with Tnmt agitators. 
At tlu' Extension mill the d'reui ngitut(U-s are regarded ns liighly idficient 
and satisfactory d(wi(a\s, altlumgh it is atdvnowledgtal that th(\v are not 
without their faults. Th(W do give some trcmldt*, <iue to plugging of the 
no^iiiles, and it is also found that the liearing upon whieli the mans rcwolve 
is not entirely grit pniof and is snhjeet to grinding action id' tlie pulp 

SCHIFFN ANALVSKS OF 'FFBF MILL A\l> ^‘IiASSlFIKH PHoOFCms AT 
TON(P\\H KX'rF.XSpiX MILL 



111) 

1 20 

1 no 

) loo 

1 If.O 

■t 21)1) 

-2 0 

1 

moh 

mi*:dl 

me^di 

mcNli 

IUO.Ij 

mt*ah i 

meali 

Tube luill No. 1 iutnke 

la If. 

U\ 0(1 

m no 

11 on 

4 m 

■l.Ct'i 

: 4.91 

(Koiuata lining). 

Tube mill No. 2 intake 

1 77 

i ot» 

!S OS 

a A s2 

11 :i:. 

i:t.K.'i ; 

in. 09 

(smoodi lining). 








Tube mill No. 1 discharge. 

1 (M) 

0 hO 

17 20 

2 i* .no 

S (jO 

11.20 

aA.tlQ 

Tube mill No. 2 dineharge. 



2 no 

20 (»0 

11 (M) 

in.HO i 

40.0(1 

(/lasaifier No. 1 ovm’flovv. 




0 tn 

I 00 

2.8 i 

i 9(1.81 

ClaHHifier N(j. 2 overllcnv. 




1 so 

A ill . 

14 JK) ; 

I 77.00 


which gets into it. Homc‘ experiments have been made lattdy hy rcanoving 
the nozzli's from the air and pulp-delivery pipes, which eouHtitute the 
arms, and it has Ihhui found that white tlie spt*etl ttf revoluthm has been 
diminishcal, tlam*. is no other ilheffeei iiiul the iigilalion eontima's as 
usual This procedure is (udeuliitiHl to lessen the protuihilHy o! Hto{)page 
from pluggcal nozrJcv. Anotfier experiment to avoiil the wear oecaisioncd 
by grit entering tlie lauiriiigs and grinding them oiii has hecui made by 
removing the bearing alfogtdher from tlii* tank itml suspending it above 
the tank, connecting it with the revtitviiig arms hy miaiiis «if a pipe. It 
seems probable that both vitriafioiis may }n» productive of i*cono- 

mies, and a final decision on tht* matter will be of iiiferi*st. 

The powc^r n‘quirecl ttj move the Trent agitators is Hinted to la? bhp. 
for (‘ach agitator, plus tfie power recpiired fiw furiiishiiig compressed air, 
whicT in this c*asc‘ is LI lip. for five agitatorH, imdudifig tin* four treatment 
agitators and thc‘ Hitadi lank. 

Vacuum Filtration. From the ngita!or.H the pulp is taken to a stock 
tank, :i0X20ft., which serves to feed tin* filfmx 11ie stock t-nnk is equip¬ 
ped with a Trmit agitator to keep its c*oiitt*iit>« in snspensiom From the 
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stock tank the pulp is taken to a stationary vacuum filter of the Butters 
type having 100 leaves. The filter is operated in the usual way, a cake of 

in. is made and given a 2-hr. solution wash. The usual cycle is six 
hours in total. An additional extraction is made on the filter, which at 
times reaches 3%. The slime at the Extension mill is easy to filter, as is 
generally the case with the Tonopah ores. 

Zinc shavings arc used for precipitation. The solution is clarified by 
passing it through excelsior and is precipitated in eight G-compartnumt 
zinc boxes, each comi)artment being 30X36X30 inches. 

The precipitate resulting is partially dried and fluxed and meltcnl in 
Steele-Harvey furnaces. The slag is allowed to accumulate until suffi¬ 
cient is at hand for treatment when it is crushed in one of the batteries, 
concentrated to remove the metallic particles and the remainder addcal a 
little at a time to the tube mill, where it is crushed to a slime and cyanichul 
along with the regular mill run of ore. By treating the slag in this man¬ 
ner only a small portion is added to the mill run every day, and it is soon 
used up without any detrimental effect. It avoids the expense^ of shipping 
the material to smelters and it is probable that the ultimate^ (economy of 
the scheme is as good or better than when it is sliipped. 

There is some controversy over the relative merits of zin(‘, shavings and 
zinc dust as a precipitant in the Tonopah district, and tlie open^ators at tlu^ 
Extension mill believe that the process using shavings is as satisfaettory 
and economical as when the dust is used. They point to tlui fa(it that tlusr 
consumption of zinc is as low as is usual when zinc dust is used and that 
their cost of cleanup is no more than in such cases and also that tlufir 
resulting bullion is better and barren solutions are easily secured. This 
question is one which will stand a good deal of argument, and tluTc sckuiis 
to be somctliing of advantage for ea(;h system. It is, howevc^r, diffie.ult to 
overlook the great advantages in simplicity and safety obtained by tlu^ usc' 
of zinc dust. This mattc^r will be referred to again in considering tlu^ 
metallurgy of Tonopah in a general way. 

Extraction Data.— The extraction obtained at the Extension is (jonsist- 
ently high and may be said to be about the limit obtainable on 7'onopah 
ores. The material treated contains silver and gold in the proportion of 
about 90:1, the heads averaging 16 oz. silver. 

The pulp is given 40-hr. agitation in the tanks with solution of about 
three pounds of KCN per ton. The extraction obtained averages about 
94 to 95% of the total content. As an example of the division of extrac*,- 
tion a typical month showed 25.77% in milling, 67.57% in agitation and 
1.74% in the stock tank and in filtering. Solutions are warmed at this 
mill, as is the general practice at all Tonopah mills, to 120°, and it is 
claimed that a clear and definite additional extraction is ol)tain('d ov(^r 
working with normal temperatures. 
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The consumption of material is as follows: Cyanide, 2.78 lb.; lead 
acetate, 0.963 lb.; lime, 3.398 lb., and pebbles, 4.423 lb., all calculated 
per ton of ore milled. The consumption of zinc is 0.052 lb. per oz. of 
bullion recovered. The mill treats about 155 tons of ore per day with 400 
hp., and employs 14 men regularly, including the superintendent. Tlie 
accompanying flow sheet shows the details of the system followc'.d. 

An Installation of Heavy Stamps. —The mill of the Mac^Namara 
Mining Co. is one of the most recent of the Tonopah installations, and 
originally contained a number of innovations, most of which, liowov(‘r, 
have made room for devices conforming to standard practic^e. 



TinO MACNAMAEA MILL. 

The ore is brought into the mill over a conveying and sorting belt, and 
that part of the waste which is easily recognizable is thrown out. A 
Kennedy gyratory crusher is used for primary crushing and tlu^ ore is then 
dropped into the battery bins. 

TIkto are 10 stamps in the mill, fed by suspend(‘d Chalhmge fecakirs, 
the stamps weighing 1400 lb. each. They are set in a special heavy-duty 
mortar, the screen being only three inches from' the dies. This type of 
mortar is designed for rapid crushing and, in fact, at the MacNamara mill 
a duty of 7.5 tons per stamp per day is attained. With stamps of this 
weight this could not be considered an exceptionally high duty, but the 
crushing capacity is limited by the following regrinding installation which 
will not permit any greater output. The stamps make 98 drops per min¬ 
ute through 8 in., and the mortars are equipped, one with 8-mesh and the 
other with 12-mesh screens. The different screens are used with the; idea 
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of furulshins a v:u-U'<l feed for llio iuho mill, as has laa-a mcnUouod in the 
case of tho Touopah I'lxiension mill, althouKh Hh' eflicioncy of this pro¬ 
cedure intlu' (‘.!VS(' of the MacNaiuani would scciu to Ix' limited hy the use 
of a single tulx' mill. 

Tlie tube mill list'd is 5 ft. diameter and It) It. lung, which is I'an-ying 
the shortness to tlu' extreme. .Vs has been mentiom'd. the tendency at the 
present time is to limit thi' length of tlu* tube mill, and this imstauees the 
progre.s.sion ot t.hat' tendency. It is .stall'd that with thi' l()-ft. mill the 
results are the same, as far as fineness of output is concerned, as if the22-ft. 
length were msed and the wear on the lining and the powi'r and pebble 
consumption are less. This mill is I'liuipped wit h .smoot h I'ast lining and 
runs at 211 r.p.m. and u.si'S about 00 Ip), for its operation. 'I'he east lining 
is stated to wear 11 montlis, and a.s it is loi'ully east, hard iron, the renewal 
cost is not high. 'Phi' mill is equipped with a scoop fei'di'r of the spiral 
type. The discharge is taken up by an .SX.Vi-in. Krenier pump and re¬ 
turned to the ('lassifu'r. making a closed circuit. 

The Agitation System. 'Fhe slime from the classifier is collected 
and thii'kened in a Dorr thickener. 20X12 ft., fhe overflow' solution 
being returui'd for battery u.se and the thii'kened .slimi' proceeding 
to the agitators. There are two ngifafur tanks, each 20X Hi ft., ('(piipped 
with Tri'nt agitators aetnateil by l-in. centrifugal pumps of the local make 
already mentioned. Originally the arrangement of the.se agitators was 
somewhat difTcrent, the bearing was .situated outside and below the bot¬ 
tom of the tank and eonneeted with tin* revolving arms liy means of a 
pipe which also ri'volvt'd. 'Phis t»i|ie passed through a slutPing box in the 
bottom of the tank, but it was found that when the gland was tightened 
sufficiently to pn'vent leakage, the free revolution wa.s prevented and the 
agitator was likely to stop at. any time. Heeour.se was had to the stand¬ 
ard Trent device and subsequent troulde has lieen eonfined to the points 
prcviomsly menf ioiied. 

Agitation in th('.s(* tanks is eontinued lor a total of o.’» hr., which 
includes the time ri'quired for lilling the tank. 'Phe filling time is 18 to 
20 hr., during winch the agifalors are in u.se and the pulp reeeivi'S efficient 
agitation. A 2-lh. K( 'N solution is used for trenlment. 

After th(* eompleliori of agitation the pulp from the agitators is 
received in a stock tank. 27..aX lO.a ft., also equipped with a 'Prent agi¬ 
tator. From t.his tank the pulp is drawn ofT to a dO-lenf vaeiium filter of 
the Hutters type. In the eomsfruefion of the tank for this filter it was 
intendi'd to discharge it from a .singli* point, and the bottom was not 
divided into H('i)ara(e hopiiers, but ('oiisisted of a siugh' V-bottom, in 
which was plnci'd a Hj)iral serew eonveyor to convey the diseharged slime 
to the point of exit, 'i'liis arrangement was found to be decidedly unsat¬ 
isfactory, as till' slime stuck ami piled up on thi' side of the tank and even- 
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tually the screw was tunneling under the mass of slime. In order to 
remedy this defect the bottom was divided up into separate hoppers by 
inclined partitions, and is now conforming to usual construction. 

The filter cycle occupied a total of 4| hr., which includes a 2-hr. 
solution wash and 5- to 10-min. water wash as final treatment. The cake 
is formed in from 60 to 80 min., and usually has a thickness of about 1| 
in. In common with most Tonopah slimes, this cake is easily washed. 

Precipitation on Zinc Shavings.—In accordance with the usual Tonopah 
practice, zinc shavings are used for precipitation, there being four 6-com- 
partment boxes preceded by a special box containing excelsior for clarify¬ 
ing the solutions. It is to be noted that several plants in Tonopah are 
using this excelsior clarifying system and it seems to do the work in a 
satisfactory manner. It is undoubtedly a simple and cheap process and 
for small plants seems to be a cheaper method than installing clarifying 
presses. A box is made on the principle of the zinc precipitator box, the 
size varying with the requirements, and is filled with excelsior through 
which the solution passes in the same manner as thourgh a zinc box. The 
excelsior is packed rather tightly and effectually prevent.s suspended 
slime from entering into the zinc box. The excelsior is easily and cheaply 
cleaned when there is sufficient accumulated slime to make cleaning 
necessary. 

The precipitate is partially dried, fluxed and melted in a Steele-Harvey 
furnace, the slag crushed and screened to separate the metallics which are 
returned to the bullion melts. A flow sheet of the mill is given, showing in 
detail the metallurgical procedure. 

The extraction secured is 90 to 92%, in conformity with that secured 
by most of the other tube mills of the district. The (^on-sumption 
of cyanide is about IJ to If lb., and of lime about three pounds. 
The lime is added to the classifier in dry form. Of lead acetate the 
consumption is 0.55 lb. per ton milled, and of pebbles, four pounds 
per ton milled. The mill crew consists of seven men, not including the 
superintendent. 

The MacNamara is the smallest mill in the distric.t and its operating 
costs are not to be-fairly compared to those obtained by the larger mills. 
It is stated, however, that the costs are not materially more than those 
of the mills which most nearly approximate its (uipacity. The mill is 
situated in the town of Tonopah, and is convenient to sources of supplies 
and finds it easy to secure labor sufficient for its n(>ods. The details of 
the treatment are shown in the accompanying flow sluHit. 

Separate Treatment at the Desert Mill.— Besidcis tln^ mills in Tono¬ 
pah proper, there are two that are, or have beam, milling Tonopah ores 
with success. The most important of these i.s the mill of the Desert 
Power & Mill Co., at Millers, 13 miles from Tonopah. This has been 
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reducing ores of the Tonopali Mining Co. for some years, it being the 
original cyanide mill of the Tonopah district, constructed in 1906. The 
mill contains 100 stamps of 1050 lb. each and regrinding is performed in 
Huntington and (‘.hilean mills of the Monadnock type. The ore is 
crushed in solution, as is the practice in all mills of the Tonopah district, 
and is concentrated on Wilfiey tables in order to recover the sulphides 
which arc not so easily cyanided. 

The sand and slime at this mill are treated separately after the older 
method in use before treatment as total slime became universal. In 




MILL AND SAND TAUJN<J PILN OF TIllO DBJSKRT POWIOU & MILL CO., MILLIOUH, NIOV. 

this plant the slime is treated in tanks having mechanical agitation by 
means of revolving arms moved by gears at the top of the tanks. The 
sand is subjc^ited to doubki treatment, being collected in 33X8-ft. 
leaching tanks and aftc^rward removed by means of 131aisdell excavators 
and distributed with distributors of the same make into secondary 
leaching tanks of th(‘ same type and size. 

It is noteworthy that although crushing is in solution and concentra¬ 
tion is practiced in the same solution, the amount of metal dissolved dur¬ 
ing these operations is proportionally small, and it is found necessary to 
take advantage of every possible means of increasing the dissolution of the 
metal after that point. 
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FLOW SHEET OP DESERT MILL. 
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The plant in general is much like the South African plants of an 
early period, containing tailing-wheel elevators, separate treatment with 
its consequent large area of tanks for leaching and slime treatment, and 
comparatively great area under the mill roof. The mill is extremely inter¬ 
esting as a comparison with modern mills of the same or greater capacity 
now operating in Tonopah and a flow sheet of it is herewith presented. 
The mill treats 500 tons per day, of which 60% is treated as slime 
and the remainder as sand, the sand requiring about 15 days^ leaching to 
extract the maximum economical percentage. It requires 770 hp. and 
64 men for its operation. 

Detailed descriptions of the Desert mill have been published in the 
technical press, and it is not necessary to review its methods in detail at 
this item, as they are sufficiently well known. It would, of course, be 
impossible for a mill of this kind to beneficiate ores at a cost comparable 
to that attained in modern mills, but it may be said tliat for a mill of its 
type, the Desert plant is still performing good work. A comparison of 
the Desert mill with the new Belmont plant forms a good object lesson as 
to what great changes have takem place in the cyanidation. of silvca* or(^s 
within six years. 

At Millers there is also the old mill of the Belmont company, having 
60 stamps and built after the separate treatment plan, much lik(^ the 
Desert mill. This mill is now treating a small quantity of custom ore 
and retreating some of its sand tailing. A description of it would be 
unnecessary at this time. 


DISCUSSION 

Cost of Cyanidation at Tonopah 

In the synopsis of Herbert A. Megrawks article on ^bSilver (Cyanidation 
at Tonopah—II,” in the Journal of Mar. 1, with reh'rence to the Desert 
mill at Millers, Nev., the statement is made that, higher than 

those obtained with modern all-slime plants,” and in the text of the arti¬ 
cle, one reads: “It would, of course, be impossible for a mill of this kind 
to beneficiate ores at a cost comparable to that attained in modern mills.” 

It is possible that what I believe to be an erroneous impression may be 
gained from the above statements. If Mr. Megraw refers to the modern 
mills of Mexico or modern mills of the United States, treating straight 
gold ore, the statements are correct, but if he would only refer to the mills, 
both modern and antiquated, of the Tonopah district, which would 
be a fair basis for a comparison of costs, I believe an investigation 
would show that the operating costs of the Desert mill, granted to be 
antiquated, have been, and are still, lower than those of any other 
mill in the district. 
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For the eleven months of the present fiscal year tlio direct costs at 
the Desert mill are, $2,489 per ton, indirect $0,146, total $2,635 per ton. 
Direct costs include all labor, power and suppljes used in operating the 
mill together with all costs of repairs, renewals, and upkeep of plant and 
equipment. Taxes, insurance, legal and home offi(;e expcmse are included 
in the indirect costs. 

A. R. Parsons. 

Tonopah, Nev., Mar. 8, 1913. 

It is possible that Mr. Parsons has misinterpreted the statements to 
which he refers in my article dealing with cyanide practice at Tonopah. 
What I meant was that a plant operating on the old separate-treatment 
system, without the most modern machinery and appliances, cannot 
possibly reach the low level of cost attainable in all-slime plants where 
every improvement is at hand. Of course, to make any (‘.omparisons of 
value, the scale of operations must be approximati^ly the same, and for 
this reason the Desert mill, treating 500 tons, cannot be compared to the 
other mills in Tonopah which handle 150 tons or h'ss pen* day. An instruc¬ 
tive contrast might be made between the Desert mill and th<^ new Belmont 
mill, which treats approximately the same tonnages of tlui same kind of 
ore. Undoubtedly the Belmont, a mod(u*n and eili(*i(mi,ly operated 
installation, is treating its ore at less cost than the D(‘S(a't mill, or will be 
doing so when normal conditions can be maintaiiu'd. My stat(^ment was 
not limited to the Tonopah district alone. 

I am aware of the cost of milling at tlui D(\s(‘rt mill and (jonsider it 
exceptionally low for a mill of that kind. I think Mr. Parsons will agrees 
with me, however, in believing that a mill ecpiippcHl with (wcay modern 
improvement can treat the same ore as eflicicmtly a,n(l at l(‘ss (!ost. 

' IL A. Mfajuaw, 

New York, Mar. 18, 1913. 

On reading Mr. Megraw's article on “Silver (\vanidatiou at Tonopah 
—in the Journal of Mar. 1, a reference to tlu^ slinu^ discharges of the 
MacNamara mill will be noted, which seems to condtmm that type of 
installation generally as a method of removal of tailiiigs. 

Quoting briefly, he says: “The mill of the MactNamara ..... 
originally contained a number of innovations, most of whi('h hav(‘ Ixam 

made for devices conforming to standard practices.The 

filter bottom was not divided into separate hoppers, but (‘onsistcal of a 
single V-bottom, in which was placcid a spiral s(^rew (umve^yor to convey 
the discharged slime to the point of exit. Th(i arrangtuncmt was found to 
be decidedly unsatisfactory, as the slime stuck and pikal up on tlu^ side* of 
the tank and eventually the screw was tunneling under th(i mass of slime* 
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In order to remedy this defect the bottom was divided up into separate 
hoppers by inclined partitions, and is now conforming to usual con¬ 
struction.” 

Though without first-hand knowledge of the conditions prevailing 
at the MacNamara, I wish to state that this failure of a screw conveyor 
readily to clean a filter hopper is not to be considered a typical perfor¬ 
mance, nor should it be a sufficient reason to revert to the common 
practice. 

As evidence, I would submit the results obtained at El Tigre, Sonora, 
where a screw conveyor is transporting heavy filter slime-cake that is 
dropped into a hopper that contains no water whatever. The equip¬ 
ment, as first set up, was a screw of ribbon type, revolving in the bottom 
of a horizontally set discharge hopper, the sheet-iron walls of which are 
inclined at an angle of 45°. The residues discharged are filter cakes from 
Kelly presses, which range from 25 to 30% moisture, and more often 
approach the former figure than the latter. Inasmuch as the cakes are 
stiff and sticky, the leaves are washed with water from a high-pressure 
hose, after having dropped the cake by internal water pressure, but the 
total discharge from the hopper has not exceeded a moisture ratio of 
0.5 of water to 1.0 of solids, more frequently being 0.4:1, and there 
is no accumulation of water in the hopper at any time, to serve as a 
flushing medium. 

When first put in use, the conveyor behaved as described by Mr. 
Megraw, and ^Hunneled” through the slime-cake, making the prompt 
discharge of residues impossible. After some time elapsed, the following 
alterations were made, which changed the screw from a source of annoy¬ 
ance and lost time, to a smoothly working mechanism. First, the bottom 
plates were taken out, and a trough, 22 in. wide, was bult into the bottom, 
of similar gage iron. The hopper bottom was originally level, but this 
trough has an inclination of 12% on a 50-ft. length. 

The ribbon shaft was lowered as well, but not as much, and is now a 
foot above the bottom of trough at discharge end, while at the other ex¬ 
treme it is only'about 5 or 6 in. above it. 

The result of the change is that all the slime slides into the trough and 
is at once cut up by the worm, and pushed forward before it has time to 
lag and hold back the succeeding fragments of cake that fall. The small 
amount of hose water that is used acts as a lubricant and the slime cakes 
shoot out of the discharge end of the hopper as though on a greased 
skid way. 

No fall or head room was sacrificed, as the hopper is at the head of the 
tailings ditch. In passing, it might be said that without the aid of the 
screw conveyor, it is impossible to discharge the hopper save by long-con¬ 
tinued sluicing with much water. The conveyor is driven by a small 
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motor that takes about 3 hp. under the new arrangement^ and as it is in 
operation about 4 hr. in all per day, the power requirements are extremely 
small. 

Cake discharges are now made in 15 to 18 min., counting from the 
time that the presses are opened until the time that they are beginning to 
fill again with slime. In this time five presses of the “Parrah' size are 
cleaned. Occasional discharges have been made in 10 or 12 minutes. 

The above statement shows that screw conveyors will remove filter 
slime under the proper conditions, even though much denser than the 
average vacuum filter^cake, and at no noticeable expense for power or 
repairs. 

Conditions at El Tigre preclude the use of much water or water in 
large quantities at recurring intervals. At other plants they might be 
such as to offer no field for the screw conveyor for a variety of reasons, 
but it is certainly possible to make it work well as a means of transport for 
slime cake in a filter plant. Furthermore, it does not leave masses of 
heavy slime in the corner of hopper, as is frequently the case when using 
rectangular boxes and dropping the cake in water or barren solution. 

Donald F. Irvin. 

Yzabal, Sonora, Mar. 15, 1913. 



CHAPTER XII 


PRACTICE AT TONOPAH^Concluded 

The ores of the Tonopah district have not as yet been subjected to 
thorough tests in order to determine the advisability of sorting the ore 
before milling it. Some of the plants have adopted sorting in a desultory 
way and two have taken some pains to accomplish a more or less thorough 
sorting. These latter are the West End Consolidated and the new Bel¬ 
mont. The first of these has installed a mechanical washing machine 
which screens and washes the ore in hot water and then delivers it upon a 
wide sorting belt running at slow sj)ced. This belt is so arrangcul that 
the sorters work^^^on one side of it, throwing the waste not off the belt, but 
to one side of it. At the end of this belt there is a splitter which bivides 
the stream delivery, the milling ore going to its proper bin while tlie 
waste is delivered into a waste bin from which it can be readily discarded. 

There are several advantages about this sorting system. The ore to be 
sorted is passed over a trommel with small holes and is given a thorough 
rasping which dislodges much of the sticking clay and mud and also gets 
rid of the fine portion of the ore which does not require sorting but which 
goes directly into the mill. The coarser ore thus is passed through into 
the washer proper, which is a large steel cylinder set on an incline with its 
lower, or receiving end, set into a tank of water which is heated’^by steam. 
The inside of the cylinder contains a spiral, or reverse screw arrangement, 
which obliges the ore to ascend through the cylinder until it is finally dis¬ 
charged at the higher, or discharge end. Near the discharge end there is 
a section of the cylinder perforated with small holes through which the 
washing water returns to the tank below. The coarse ore delivered to the 
sorting belt is in perfect condition for sorting, as the operator can see at a 
glance its character and can eliminate all absolute waste without hesita¬ 
tion. The mud and clay washed from the ore are collected in the wash¬ 
ing tank and can be recovered at convenient intervals. It is usually of 
high grade and is sent to the mill along with the regular milling ore. 

The practical utility of this system has been thoroughly tested and 
calculated at the West End plant and the conclusion is that there is a 
clear and definite saving by its use. A large portion of rock that will 
not pay its way through the mill is discarded, saving the milling cost of 
putting it through the process and enriching the portion of payable ore. 
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bulk for milling, the economies being evident. The new Belmont mill 
has installed a similar machine for washing the ore. 

Sorting in some form is practiced by several of the operating companies 
at Tonopah, but only at the above mentioned plants is it carried out in 
thorough form. It has been stated that a great many of the Tonopah 
dumps would pay well for sorting them over if it were possible to lift 
the material economically and get rid of the waste. If this statement is 
true, it seems likely that sorting while the ore was originally in motion 
might have repaid the trouble necessary to do it. It is a question which 
requires some study and it is impossible to make any statement which 
would certainly cover all cases. 




NEW MILL AT TONOPAH, NEV., AND OLD MILL AT MILLERS, OF THE TONOPAH- 
BELMONT DEVELOPMENT CO. 

Crushing in Solution. —All the operating mills at Tonopah use solu¬ 
tion throughout the mill operations. At the same time there are certain 
of the operators who believe that better metallurgical results could be 
obtained if it were possible to do the crushing and grinding in water 
without incurring a loss of cyanide and dissolved metal. It is evident 
that in treating silver ores where solution of comparatively high cyanide 
content must be used, crushing in water is not usually practicable. The 
amount of water taken in unavoidably from the grinding system to the 
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cyanide plant would have to be discharged as moisture witli the residues, 
and at that time would contain both cyanide and metal in solution, a 
combination that could not be thrown away. The only system by which 
it might be managed would be to filter the pulp from the grinding system, 
whereby it could be introduced into the cyanide plant witli approximately 
the same quantity of water as the residues would contain in moisture. 
Whether the advantages obtainable would justify the additional expense 
is a question which would have to be solved in each particular case. The 
procedure is followcnl at the mill of the Smuggler-Union Mining Co., at 
Telluride, C'^olo., as has already been mentioned in these papers. 

Crushing in Water at Goldfield.— The advantage of crushing in water 
is believed to be a saving of cyanide by removing cyanicides from the ores, 
resulting also in an improved extraction. This matter has received 
much attention frortx the operators at the Coldfield (h)nsolidated mill 
and exp(‘riments cov(a*ing s(weral months’ work have convinced them that 
water crushing has (handed advantages ovea crushing in solution. Natu¬ 
rally enough, tlu) (ionditions at the Coldficdd mill ar(^ de(‘id(Hlly different 
from those obtaining at Tonopah and the results of experiments cannot be 
transferrtal bodily. The former is treating a gold-bearing ore and using 
solutions much wcriktr* than thosci mur^ssary for tlie ores of Tonopah. 

At the Coldfi(‘ld (h)nsolidated, it has been satisfactorily prcmal that 
when crushing in water' is followed the consumption of cyanide is k^ss and 
the extraction of mental Ixcd/tcr- than when crushing in solution. It is 
shown, also, that when crusliing in solution is practiced, there is likely to 
appear in tlu^ mill a light gedatinous product which refuses to settle and 
causes a great (hud of trouble in mill operating. The substance appears 
much like an alumina product, which it may be, but that has not been 
proved. On the contrary, when water is used in the crushing system, this 
product does not appear. 

It is extreunedy difficult to account for this differexice and many theories 
have been invented in the attempt to do so.' The theory has been 
advanced that no matter liow alkaline a crushing solution may be, and all 
solutions containing (iyani'de must be k(»,pt alkaline, thcire will be a certain 
length of time, however short, when the acid liberated from the ore will 
overbalance any alkalinity immediately available at any one point, and 
that during this short time a chemical change might take place which 
would render soluble some eknnents which would not be put into solution 
with water and which would be removed by washing before reacdiing the 
cyanide department, were water used in crushing. This momentary 
acid condition might also introduce certain combinations prejudicial to 
high extractions. Of course^ there has been no research which would 
prove that this condition does exist and is responsible for the results 
shown, but the results are plain. Commercial operators rarely have 
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the opportunity to solve questions of this kind, but it is just such prob¬ 
lems which most need solving in the cyanide field. 

Whether or not similar conditions to those found at Goldfield would 
obtain at Tonopah is not certain, but with this example in mind there are , 
many who would like to have the opportunity of trying it. 

The use of gravity stamps for crushing is universal at Tonopah and it 
seems that nothing else has been considered in the design of the plants. 
This seems unfortunate, for the ore does not appear to be too hard to give 
good results with rolls or Chilean mills, either of which might be applied 
with economy. It is true, however, that stamps have been considered the 
conservative crushing machine for a long time and the design and con¬ 
struction of plants at Tonopah have been eminently conservative. To 
install a machine which will surely do the work, even though at a cost 
somewhat higher than that of one which might be satisfactory, is a sound 
basis upon which to reason and designers can hardly be censured for 
following that system. At the same time the results obtained by the 
other machines, rolls and Chilean mills, both as to efficiency and cost, are 
no less definite and clearly proved, the obstacle to their use being simply 
that the results are not so well known. One cannot say with certainty 
that either of the machines above mentioned would satisfactorily take 
the place of stamps at Tonopah, but it is not too much to say that I 
believe either of them would introduce economies. 

Lining for Tube Mills. —^The matter of tube mills at Tonopah intro-, 
duces some interesting variations which are worthy of attention. First 
attention is called by the shortness of the mills generally used, especially, 
in the later installations. This progression has apparently been along 
conservative lines and there is reason to believe that the theory is sound. 
Certainly it has resulted in a reduction of power for the same production. 

The mills recently installed are generally 5 ft. diameter and 18 ft. 
long, in one case the length has been reduced to 16 ft. with satisfactory 
results. It will be interesting to watch this development and see what 
it brings forth. It is not impossible that the tube mills of the future may 
be more like drums of large diameter and short length than the long, 
narrow tubes first used. 

The lining of the tube mills has given rise to much argument. The 
contrast here to Mexican practice is noteworthy. In all the Tonopah 
i^tallations I have not seen a single instance of the use of the El Oro 
ribbed lining, but everywhere there is the use of the smooth cast lining 
and the silex blocks, both of which had been tried and discarded in 
Mexico before the El Oro lining came into use. The smooth cast lining 
would seem, theoretically, to be the most inefficient of all possible linings, 
as it would appear that the pebbles would be more than likely to slide 
over it and reduce the ore by rubbing it between the lining and the 
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pebbles. The matter of the dropping or tumbling of pebbles would 
apparently be reduced^to a minimum, and while it is clear that the 
power requirennents would be reduced to the lowest possible point, 
apparently the efficiency would go down with it. That this is not the 
case is what several of the operators declare positively. They claim to 
get better results, both as to character of product, its quantity and cost 
of production. And it is also stated positively that the pebbles do not 
wear flat in the smooth-lined mills. It is a fact that if one is careful he 
can avoid seeing flat pebbles on the scrap heaps of these mills. 

The silcx lining has its advocates also, the installation at the new 
Belmont mill containing silex lining except in experimental cases. Silex 
has proved to be a good lining in many cases, and except for the item of 
cost has done good work in Mexico. The objections there to its use are 
the cost and the time necessary to reline the mill when it wears out. 
This usually puts a tube out of commission for from five to seven days 
and where there is no reserve capacity it seriously interferes with the mill 
operation. 

The Komata lining has had trials at Tonopah and in the case noted 
in the Tonopah Extension mill, is doing satisfactory work. Komata 
linings have also been installed at the Goldfield Consolidated with 
satisfactory results and arc now used altogether. It is claimed that 
these linings increase the power consumption, which is undoubtedly 
true, but that the ultimate efficiency is increased. This is even more 
definitely shown when the revolutions of a mill into which they are 
placed are reduced considerably. For instance, a 5X18-ft. tube mill 
using smooth or silex lining and revolving at 26 or 27 r.p.m. can be re¬ 
duced, when the Komata lining is used, to about 22 or 23 r.p.m., resulting 
in a lower power consumption and no great reduction of efficiency. 

The height at which the load of pebbles is carried also varies a good 
deal. The variation is from somewhat below the center line of the 
mill to 6 or 8 in. above it, calculating with the mill not running, of 
course. In cases where the load is carried above the center line of the 
mill a grating has to be used in the discharge in order to prevent the 
issuing of pebbles. At the West End mill a difference of pebble load 
made an enormous difference in the efficiency of the tubes so that the 
whole mill was affected. This question of lining will probably be 
solved in the near future when there will be some agreement among the 
operators as to which type best suits their needs. At present there 
seems to be a great difference of opinion. 

Types of Agitators. —Opinions in regard to agitators seem to differ 
as widely as they do in tube-mill linings. There are examples of the 
Pachuca, Hendryx, Trent and other systems in use. The original mills 
of the district, the Desert and Belmont mills at Millers, used mechanical 
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agitators for their slimes, the Hendryx type is in use at the Montana- 
Tonopah mill and several installations are using the Trent system, while 
the new Belmont mill at Tonopah is using the Pachuca system. 

Particularly the Trent agitator seems to be a bone of contention. 
Some users say it is perfect and others delcare it has no merit in it, that 
it is a nuisance and not satisfactory in any way. The truth lies somewhere 
between these two extremes, no doubt, but at what exact point is im¬ 
possible to state. 

The Hendryx agitator has been previously mentioned in these 
columns, but it is a machine which has never become popular on account 
of its high power consumption. There is no doubt that it is a good 
agitator, but it will probably never become a serious factor in the agita¬ 
tion of slime for the reason of its high operating cost. 

Pachuca tanks have been the subject of investigation for some time 
and many operators claim that they offer no advantages in economy nor 
in additional extraction obtained. 

Referring back to the new Nipissing mill at Cobalt, in which the 
slime agitators are the old-style mechanically moved arms, the designers 
stated that they had been able to find no device which would assure 
them either better results or lower costs. In such event the Pachuca 
tank would be entirely out of the reckoning, for if it presents no sucli 
advantages, its high cost of installation and the additional cost of pump¬ 
ing in a mill, occasioned by the height of the tanks, would certainly 
preclude its installation. I am of the opinion that the Pachuca tank is 
likely to be replaced by some other more satisfactory design. 

Concentration Practice. —It will be noticed that some of the Tonopah 
mills practise concentration while others do not. The two at Millers, 
the Montana-Tonopah, the West End and the New Belmont practise 
concentration, while the Tonopah Extension and the MacNamara mills do 
not. In those mills which do concentrate, the object has been to make 
as little concentrate as possible consistent with removing the objection¬ 
able elements from the ore. With low- or medium-grade ores con¬ 
centration is not necessary but with the rise in silver content, attendant 
upon the increase in the proportion of sulphides, concentration must 
be resorted to. Many of the mills using the process have reduced the 
number of tables, the point being that it is more expensive to market 
concentrate than bullion; therefore as large a proportion as possible 
should be taken out in bullion form. This is sound reasoning, par¬ 
ticularly where the concentrate has to be shipped to smelters where 
losses may be multiplied by many means. 

There is no instance of local treatment of concentrate at Tonopah, 
In this connection it is interesting to review the situation at Goldfield, 
where the Consolidated treats all of its concentrate by an elaborate proc- 
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ess. Experiments on concentrate treatment showed that by treat¬ 
ing the concentrate raw a certain percentage could be saved; that by 
first roasting the concentrate and then cyaniding it, a better extraction 
would result, but that by treating it raw, then roasting it and retreating 
by cyanide, an extraction about equal to the sum of the results of th(^ 
other two methods could be obtained. That system has been installed 
and is followed with success. After the cyanidation of the roaKsted 
concentrate, the residue is delivered into the tank which feeds the filtcT 
and is discharged with the filtered tailing. By this means the con¬ 
centrate tailing is reduced to a value nearly equal to that of the regular 
mill tailing. The process is interesting and unusual. 

Use of Heated Solutions. —-Operators universally agree that the 
extraction of silver from the Tonopah ores is increascal by heating the 
solutions. The point to which this is carried is generally about 120^^. 
There seems to be no difference of opinion on this point and all the mills 
are doing this with good results. The question naturally occurs as to 
whether the Mexican operators have been overlooking anything in tlu^ 
matter of heating solutions. I have seen the scheme tried sev(Tal tinu^s 
and made experiments on it, but without any beneficial result. That this 
is not unusual will be shown in a later paper, when I will call attention to 
another silver mill whicdi has made repeated experiments and found no 
increase of extraction through heating the solutions. Still, this is a 
point which ought to ho. worked out for each particular ore, no general 
rule governing it. 

Heating solutions seems to have no effect whatever on the extraction 
of gold. This means, of course, solutions of normal tcunperature, as 
extraction of both metals falls off in abnormally cold solutions. 

The use of lime and lead acetate at Tonopah does not vary widely 
from accepted practice at most other camps. The addition of these 
materials varies, and the practice is governed principally by conveniencu^ 
The filters in use at Tonopah are all of the stationary vacuum, type. 
The present condition of the filter problem makes it advisable for dis¬ 
cussion to be postponed until there shall be more liberty to publish 
statements. 

Calculation of Extraction.—At Tonopah, as in most of the mills at 
the present time, the calculation of extraction is performed by using the 
content of bullion produced plus the content of tailing discharged as the 
value of head samples. Some of the older operators look with envy on 
the mill men of the present day and think of the monthly recurrence of 
attacks of heart disease that came with the attempt to reconcile pro¬ 
duction and tailing content with head samples taken at or before the 
batteries. Extractions of 120% were not unusual in those days, nor were 
drops to 60 and 70% unexpected, but the mill man was continuously in 
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hot water about it, particularly if he differed with the general manager 
about the accuracy of the head samples. This later method is much 
simpler and tends to avoid worries. At the same time it is hard to agree 
with a method of solving a problem by means of which any answer is 
the right one. I am anxious to have this matter discussed and hope that 
there will be someone kind enough to take it up and extract opinions 
about it. 


DISCUSSION 

Silver Cyanidation at Tonopah—^III 

In Mr. Megraw’s article, ^'Silver Cyanidation at Tonopah— 
in the Journal of Mar. 8, 1913, it is suggested that crushing in water 
might be accomplished without an additional or prohibitive cyanide loss 
if the pulp were filtered after grinding, introducing it into the cyanide 
plant at practically the same moisture contained by the residue on 
discharging. As the amount of water taken into the mill without 
building up the quantity of solution is governed entirely by the amount 
of moisture contained in the residue at the time of discharging, and can 
only be equal to this amount, the water added ahead of cyanidation would 
preclude the use of water for final wash. It would allow the discharge to 
go out containing 33% of standard cyanide solution, which is in our 
case three pounds per ton of ore. When the cost of dewatering with 
filters is considered together with the mechanical loss of cyanide, and 
the trouble and expense of again thoroughly mixing a pulp dewatered 
to such a point of dryness, the additional extraction above 94.44%, the 
average obtained by the Belmont. Milling Co. for the last eight months, 
it would hardly seem to be an attractive undertaking, even when con¬ 
sidering the cyanide which might be saved by crushing in water. 

As to the mechanical-stirrer type of agitator being eflS.cient on silver 
sulphide ore, I will state that the type of agitator called the ''Butters 
was originally installed at our Millers plant and only a fair extraction 
could be‘obtained from it until a 6-in. air lift was added, taking pulp 
from bottom of the vat and discharging it over the top, in addition to the 
mechanical stirring. 

At the Tonopah mill where solution during agitation is kept at 100"", 
the air for agitation is furnished by a steam-driven compressor and the 
exhaust steam is used for heating the solutions. As there is only 7% 
loss'between live steam at 125-lb, pressure and exhaust at five pounds, in 
heating efficiency, we can figure only 7% of cost of producing steam 
against agitating medium or method, so that if air were not beneficial 
to extraction, and I am of the opinion that it is, another method or 
medium could hardly be had at the same or lower cost per ton. 
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At the Millers plant where live steam is used for heating solution, the 
cost averages about 18c. per ton, while at the Tonopah plant, with, of 
course, a better equipment, heating and air for agitation together amount 
only to 12c. per ton of ore treated. 

The benefits to be derived from the heating of solutions used with 
Tonopah ores, are shown in the following tailing assays from tests made 
identically, except in temperature. They typify the results obtained in 
practical mill work. 


Warm Bolutions, 100® 


Cold Holutions, 05® 


48 hr. 0.015 oz. Au. 2.1 oz. Ag. 0.02 oz. An. 3.8 oz. Ag. 

60 hr. 0.01 oz. Au. 1.4 oz. Ag. 0.02 oz. Au. 3.0 oz. Ag. 


I think that Mr. Megraw’s assertion that the addition of lead and lime 
in Tonopah practice is “principally by convenience” is a little broad. 
In this mill at least, the lime content is very closely watcduHl, it liaving 
been proven, not only by laboratory tests, but on a working s(‘ale, that 
extraction is very erratic, due to reprecipitation when either too higli or 
too low alkalinity is carried. The lime is maintained betwcani 1 Ib. a.nd 
1.5 lb. of CaO per ton of solution. 

The amount of lead giving best result is at all times somc^what of a 
conjecture, but in order that it may not be understood that lead is addcul 
at random and that we have some fixed ideas, even though they may b(^ 
wrong, the practice and theory followed at this plant are here stated. 

It is figured that sulphur, alkaline sulphides, and other reducers have 
a retarding action and are detrimental to the highest dissolving powor 
of the solutions, and in order to keep alkaline sulphides under control, 
lead acetate is added to precipitate the lead sulphide. Tlui amount us(m1 
is determined by experimental tests with clean solution. Zin(‘, in solution 
will act to a great extent, especially in hot solution, the same as lead, 
forming zinc sulphide, but is not as amenable to the combination as lead. 
If an excess of lead is present the zinc will tend to accmmulatc in thc^ 
solutions, and then the amount of lead is reduced, allowing tlui zinc to 
take care of the alkaline sulphides. In this way a kind of a balance of 
zinc contents is maintained. 

In regard to tube-mill lining, 14 tests, under varying conditions of 
feed and moisture, conditions in both mills being as nearly idcmtical as 
possible at all times, showed an average of 5% more prodiad of minus 
200-mesh with silex than with the smooth iron liner. 

In regard to El Oro lining, which according to Mr. M(^graw's Mexican 
experience is an improvement over all other linings, and which he in¬ 
timates has never been tried at Tonopah, I think he failed to go thor¬ 
oughly into what had been tried or considered, and why, in the opinion 
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of the operator, tlu' praefua- ix-in;; followed is host suited to their condi- 
tions. 

Tho Moutana-'r<)n(>i>ah Miuinii; irlnl Ml On» liiua's, luuliug their 
life to be lu^twecai sc^vcai and nioidfis, uhih* the (‘usi of the lining 

installed wa,s ovaa* t\vie(' thal ol sih‘X. Al this plant tin* (‘ost of silex 
lining pea* mill, wlum lining s(‘vtm nulls. ua*< as iulhius: Labor at |4,5o 
per day, $42.25; e(an(‘nt, 2H saeks at si.bdo. ?s2H.SP: silox, six tons at 
$42.80, $25().8(), or a total of $227.04. Tit Mar. 20. these mills have 
been in operabion (‘ight months, erushing LL2tib f<ms per milh or an 
average of 55 ions pvr day with (ht* b»llnwitig a\erage iliseharge screen 
analysis: On H)()-m(‘sh, on 150 me’^h, 5.1)5%; mi 2i)()-inesh 

6.42%; through 200-nu‘sh, tS7.2(b ; . lids is an a\ erage uf M te.sts made 
during eight months. 

To this (lat(‘ none of t.h(‘S(‘ mills has had tu be relinefl, !>ui it is figured 
that the first, mill will have* to be lined in abuiit Iwa xmhTs and the entire 
installation during IIh‘ iwk \ tH) days. Alhiuing eight months, whieh 
is very good life for this style of limaa the etrst eiunpares more than 
favorably with any available figun‘>. of Ml <)rti limaN. In “A 'Ltwibook 
of Rand M(4aJlurgi{‘al Praetie(\” \5d. IM p. I5I. the fidlowhig statement 
is mad(‘: ^'Whih' iht‘ Ml (hai liner has u longer life than the sih‘x liner 
th(‘ di(Ter(me(‘ is not gread emmgh io eumpnusate for the extra etwt.’’ 

In tlu' original plans i\>r our Toinipaii mill. rolM were seritmslv eoii- 
sidcaaal by eomparison of all data to lie liad at that tiiiii* am! were only 
abaudoiual aftia' an ('xtendecl visit to Mainimifli < 5*pper ( plant at 
K(mn(‘tt, Malif., when‘ 274)00 tons iif llehnonf ore wen* sampled tm 
custom ()r(‘ and crushed witli rolls. The v\vv>shv wmr of roll shellB 
and total cost pc‘r ton rc‘sulting in the entiiieiitl> eoiiHcnalive iiiHtallatbn 
of stamps. Tlu» gmicaad managm- of om* of the late large eynnide mill 
installations, wlnaa* rolls are used, tohl tla^ writer after six montliH* 
operation, that he was sorry stamps liml tiof been iiisfalhsl instead of rolk 

A. II. JoMKH. 

Touopah, N(‘v., Mar. IK, lObl. 


In this hdtcT, Mr. Jones mhis Muiie iiiteronting IuvIm fu the diseUHsion 
ol eyani(h‘ problems and his slateiiumts wil! be iii’repti'if as ittithoritiitive 
on 1 onopah praidicax I^xeept in tinoe in'^faiiees wlieri* lie lifts misin- 
t(*ipi(4.(‘d th(‘ mmining ot my remarkwe art* .■'^nbstiiiiiiiiHv iit iieeord, 
H.(‘gfirding crushing in water, I agree with Air. Jonen* natHoniiig. 
In my artitdtx the matter is rt4f*rred Ifi in a iIt'<4eiisNi\e way and mit ns a 
recomuamdatiom Ibderenee to the art trie in i|iie'Uion wil! show* tlik 
f hc' lemaiks on agitfitors and tempera! nre of tiealiiieiif sofiitions are 
iut{‘i(‘sting additions to the genernl data lUi Toiiti|tair|iraetiei'. 
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Mr. Jones' objection to my remarks referring to addition of lime and 
lead acetate is justified by his misinterpretation of the text of my article. 
“Principally by convenience'' referred to the method of addition, not 
to the quantity of the chemicals used. 

Regarding tube-mill lining, it seemed worth while to cull attention 
to the difference between practice at Tonopah and in Mexico. I did not 
attempt to convey the impression (dther that the El Oro lining was the 
best, or that it had not been trical at Tonopah. What I wished to say 
was that it is not considered the best in Tonopah and is not in use there, 
although it has been proved by repeat(Hl tests to bc^ best suited to condi¬ 
tions in some other districts. 

Stamps versus rolls may b(^ tlie subj(H‘.t of interesting and lengthy 
discussion. I hope that Mr. Jones may l)e induced to publish the facts 
and figures which led to the (hnnsion in favor of stamps at tlu^ Belmont 
mill. Some others hav(^ adoptenl rolls and do not announces any regret. 

H. A. Megeaw. 

New York, Mar. 24, 1913. 


Crushing Tonopah Ores 

The following data rc^lative to (trushing Tonopah, New., orc^ by rolls 
may be of interest in the discuission of the subjeed invited by If. A. Megraw 
in his article, recently published in the Journal. A s(4 of 10X3()-in. 
Allis-Chalmers rolls was among the (‘quipment of the crushing and 
sampling department of th(^ D(^sert Power & Mill (h). Th(\so rolls werei 
in operation four yeairs, from D(‘-cember, 1906, to January, 1911, and 
during that time reduced 29,873 tons of ore, which was 5% of the entire 
tonnage, cut out by a Snyder sampler. The roll foeel was the same as 
that going to thei stamp batteries, varying in hVac from slime to pierces of 
ore 2 in. in diarne^ter, this size‘ depemding upem the ce)nelitie)n of the 41) 
crushers. The maximum size of the roll produe‘.t varieul between | anel f 
in., depeneling upon the e)peming betweeni faces e)f the rolls. He)wewer, 
usually the reeluction woulel be al)e)ut 50%. The average time run per 
day was 5 hr. for a total of 1195 elays in operation. 

The power is estimateel at 10 hp. anel on that basis woulel amount to 
a total of 44,573 kw.-hr., which, at $0.0152 per kw.-hr., gives the total 
power cost $677.52, or $0.0227 per tem of ore rcduceel by redls. It is 
estimated than one-fourth of one man’s time at $4.50 per 8-hr. shift, or 
$0,703 for five hours, a total of *$840.09, or $0.0281 per ton, is a fair 
allowance for the labor of operating the rolls during the 1195 days. 
Roll shells were reffaced in a lathe anel five changes were made; 2| sets 
were worn out during the period of operation. The roll shells weighed 
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757 lb. each, so that the total consumption of steel amounted to 4163.5 lb., 
or 0.14 lb. per ton of ore reduced. The rolls were operated at 103 r.p.m., 
which gives a peripheral speed of about 800 ft. per minute. 

repair cost for roll operation 


Labor changing rolls @ $20.00, per sot. 

10 roll shells turned, 6 hr., each @ 69 cents pcM- lir 

80 ft. of 10-in. belt @ 96 cents._. 

General repairs to feeder, belt liners, etc. 

8 bearings babbitted @15.00 for labor. 

Cost of babbit @ $10.00 each. 

2i sets of shells @ $146.62 per set. 


.$100.00 

41.40 

77.20 

100.00 

40.00 

80.00 

$403.20 


Total. 

Per ton of ore reduced 


SUMMARY - 


$841.80 
0.0282 


Repairs and upkeep 
Labor of operating. 

Power used. 

Total. ..., . i «23.5<.).41 | $0.0790 

It will be noticed that some of the above; figures are based upon 
estimates, but it is believed that the e.stimate,s are liberal. I have had 
the impression that rolls can be used to advantage; in the milling of 
Tonopah ore and am of the opinion that a thorough ti'st and comparison 
would show a saving in initial cost of installation as wt'll as in operating 
expense, and would welcome the publication of the; figures obtained by 
A. H. Jones when he was investigating the subject of roll crushing before 
stamps were decided upon for the new Belmont mill. 

II. Paksons. 

Monrovia, Calif., May 13, 1913. 


j Total 

.| $841.80 

.' 840.09 

.1 (>77.52 


Per toil 
reduced 

'$oTo 282 '’^ 

0.0281 

0.0227 


Calculation of Extraction 

In the third article on Silver Cyanidation at d^onopah/^ by Herbert 
A. Megraw, in the Journal for Mar. 8, 1913, th(‘re is expressed some 
doubt as to whether the method of calculating (‘xira(dJon is better than 
the old system based on samples of the mill lu'.ads. We arc familiar 
with the trouble between the millman and the gcuuTal manager when 
the head samples'indicate extremes of extraction varying from 70% to 
120%, but it is my opinion that the fault li('s not in the mill, but in the 
assay office. 

When treating a gold ore it is possible, due to the slight mixing the 
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sami)les r(M*.('iv(‘ in (a'ushin^' from I in. to ilie size t.hat will pass a GOrinosli 
screen, for a, particle' of ^'old the size' e)f the' scre'e'ii e)pe‘ning to pass in e^xcess 
into the final assay sa,niple' ov to be re'tarele'el and tlirown away with the 
discarel, causing an appre'cial)le error in eitlu'r case. 

A ()()-mesh l^ylen' scree'ii has an opening e)f 0.221 nim., and the cube 
of this ape'rture is 0.01079 eni.mm. Assuming the gedel in the ore to be 
700 fine, silver, 250, anel base, 50 (s]). gr. 7), then the specific gravity of 
the golel as it ge)es inte) the assay will l)e 36.61, anel the value of tlie 
same per ounce, $14.62, wlien the' silve'r has a value of $0.60 per oz. 
The weight of oim of the' cubical ])article's of golel that will pa,ss a 60-mesh 
screen woulel be 0.01079 X 1().61, or 0.1792 mg. For assay 29,166 mg. is 
taken, and if’ a particle e)f golel the size^ e)f the' ape'rture i)asse's in e>xce\ss 
into the final assay sample', e)r is re'tareled with the eliscarel, there is 
0.1792X14.62, or a valuer e)f $2.62 elifference fre)m the true^ assay, re^prc'- 
sonting .26% e)n $10 e)re. 

In an all-vsliming plant the scream tests will usually show about 80% 
through 200 me>sh, 19 to 20%, e)u 200 mesh, anel 1%; or so on 100 mesh. 
The tailing sampler is e*,e^rtainly me)re', intimately mixed in its passages 
through laundeu's, agitators anel filte'.rs, than would be^ economically 
possible', for the^ heaiel sample. Fe)r emmparison 1 shall assume the 
cul)ical size of the scre'eaa e)pening, although it is eaa*tain that with c^ffeedive', 
treatment the metal in tailing is ne)t fully e^xpose'.el to the elissolving 
effect e)f the e^yaniele solutie)n, but e'xists in tlie grains of epiartz e)r sulphide', 
in quantitie^s much smaller than tlu^ incle)sing grains. The cul)ieml 
opeming of a 200-mesh sea-een is 0.0001052 cu.m., anel its wenght, 

if a gold cube, 0.00678 mg., with a value of $0,098, 8()%j by weight 
l)enng taken as through 200 mesh, the value affending the sample is $0.0784. 
The embieail opeming in a lOO-mensh se^reem is 0.002744 cu.mm., and its 
value is $0.()7. This, with 20%) of the sample e)n 100 mesh, gives a value 
which may affect the final re^sult of $0.18. The small portie)n on 100 
mesh, all e)f which will pass 80 ine^sh, cannot account for a eliffeu’cnce e)f 
more than $0.01. The sum total giving a value e)f.$0.22, wliich woulel 
have an effect of emly 2.2%, on e'xtractie)n. 

Having shown the valuer e)f the partiefevs, it we)uld not be amiss te) 
show tlie numlier eif sanel anel golel partiefeis in eaedi case, and their 
proportions. The specifier gravity of tailing being about 2.6, the wenght 
of a cubical particle that will pass a ()0-me\sh screen is 0.01079X2.6, or 
0.02805 mg. In one assay tern there are 1,089,809 possible particles of 
this size. In eire assaying $10 and bullion weirth $14.(>2 per oz., we have 
0.684 mg. in onevassay ton, whieh elivided by 0.1792, gives 8.817 partie*Ie\s 
e)f golel. Having 3.817 particle^s of geilel that will pass the 60-mesh 
screen, there will be, to complete the assay ton, 1,089,785 particles of 
sand. 
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In the case of the slime the value is assumed proportional to the 
screen tests by percentage. With a total value of $0.50, the value of 
the minus 200-mesh material is $0.40, and the weight 25,332.8 mg. The 
weight of a gold cube equal in size to the aperture in a 200-mesh screen is 
0.00673 mg., and $0.40 represents 0.02736 mg. Therefore, there are 4,065 
particles of gold, and, consequently, 25,327.735 mg., exclusive of the gold. 
Then 25,327.735 divided by 0.0001052X2.6 gives 24,083,772 particels, 
exclusive of the gold. 

With 19% on 200 mesh, the weight is 5541.5 mg., and the weight of 
the gold cube the size of the screen opening is 0.04558 mg., giving actually 
0.1462 particles of gold in this part of the sample; 5541.54 mg., minus 
0.0065 mg., gives 5541.5335 mg., which, divided by 0.002744X2.6 gives 
776,734 particles, exclusive of the gold. 

On 100 mesh there is 1% containing $0,005, and weighing 0.00034 
mg., the cubical opening of an 80-mesh screen is 0.005178 cu.mm., and 
the weight of the same cube of gold is 0.0756 mg. Therefore, 0.00034 
divided by 0.0756 gives 0.0045 particles of gold, which may remain on 
100 mesh. There are then 291.66 mg. minus 0.00034 mg., or 291.6596 
mg. of sand, and 291.6596 divided by 0.005178X2.6, or 21,664 particles 
besides those of the gold. 

To sum up these facts, we have, in heads, 3.817 particles of gold, 
and 1,039,785 particles of sand, or a ratio of 1 to 271,800, and in tailing 
4.2115 particles of gold, and 24,882,170 particles of sand, or a ratio of 1 
to 5,908,000. From the ratio of gold particles to sand particles, the 
chances of having an error in the head sample as compared with the tail 
sample is about 21| times as great. 

Of the usual head sample only one is taken, while with tailing a sample 
is generally taken from each cycle, at least four samples a day, and any 
discrepancy in one is partly compensated by the assayer when he takes 
the mean of the four. 

Tons stamped, and tons discharged may not be the same, but under 
proper operating conditions the results over a period of 12 months will 
not indicate enough of a difference to justify a suspense account. 

Providing there are no mechanical wastes of slime or solution, except 
in the regular filter discharges, then the value of bullion, plus the value of 
tailing discharged, divided by the number of tons treated, should give a 
closer true value of each ton of ore than the older methods. 

A. Cl. (Iadogan. 

Puntarenas, Costa Rica, Apr. 25, 1913. 


In the JouENAL of Mar. 8, 1913, FI. A. Megraw, in his article, ^'Silver 
Cyanidation at Tonopah—III,^' states that in most of the mills there, the 
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calculation of extraction is performed by using the content of bullion 
produced plus the content of tailing discharged as the content of head 
samples. This, no dou])t, is exctellent from the })oint of view of the 
millman in charge of the plant and doul)tless saves him much worry, 
but from the point of view of accuracy it leaves something to be desired. 

There may be serious (U'rors constantly ocamrring, which, with the 
above-mentioned method of calculation, would newer be suspected. 
Quite considerable quantities of bullion might be stolen and no one be 
any the wiser. Moreover, there is no way of finding out if there is any 
serious unnoticed leakage in the plant. 

No doubt the assayer can bo checked with dupli(‘.ate samples, but the 
greatest test on his work and on the tonnage calculation is whether the 
output of bullion tallies with the theoretical quantity required. With 
careful work there should be no nuison why tlu^ bullion ()utf)ut should 
not check within reasonable^ limits. This givers satisfaedlon to eweny one 
concerned and then, should tluu'e be any serious disen'epaucies, the causes 
will probably be notieaxl almost at once, where^as with an adjusted method, 
such as that used at Tonopah, ilmro can only b(^ an aeuuirnulation of 
error. 

The fact of crusliing in solution complicates the mill-head sample 
slightly, owing to metal being dissolved while in the mortar box, and also 
by the bullion content of the cyanide solution in (hrculation. However, 
a fair sample of the mill-head can be ()])tained from the pulp on leaving 
the mortar boxes. If this is assayed, and also tlu^ solution before and 
after it comes in contact with the ore, the proportion of solution to ore 
being known and its bullion contemt allow(Kl for, the original cont(mt of 
the ore can easily be calculated. The pulp, of course, will have to 1) 
washed before assaying. 

Extractions varying betweem the limits of b0% and 120% are cer¬ 
tainly annoying, but this sort of thing is almost inevitables. However, 
these variations only happen from month to month and the important 
matter is what the annual result is going to be; the monthly reports are 
only to see how the production is progressing. It stands to reason if 
for several months an unusual (quantity of bullion is taken from the zinc 
boxes and extra zinc acided, which usually happens at the end of a 
financial year in order to balance accounts, that the acduial production 
for those months will be in excess of the theoretical. 

Later, owing to less short zinct being present in the box(\s, the ])ullion 
distributes itself ovov a larger proportion of long zinc than usual, with 
the result that not so much bullion is cleaned up and there is an apparent 
shortage. Conversely if there is an apparent shortage of, say, 20% on a 
90% extraction, if calculations are correct and there is no other source 
of error, there is no reason why a month or two later, taking the extraction 
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actual gold vwwvrvil was FdPid/iL' o/,.. or an aotual (‘Xlratdion of 88.3%, 
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i luonun SinasijNy Jr. 

Mijidiouw Maatsohappij Kofahooii. 
laduHig Soidit. liouko(‘h*n. Suiiialra. 

May I, IP 18. 


An artiidix hy Ihadiorf \. Miairaw, in iho Jm tt\\L t»f Mar. 8^ on 
“Silvc*r (‘yanidation at Toiiopah III/’ tian roino to my tioticH*and 
I am sonuavhat surpri^tnl to loam that I ho nioflioti of onlrulatum of 
(‘xtracdion rcdVrnsl fi» in ii^'*** in :in\ <4 tutr ii|o8tothi*«ininnttsin- 
idlicimuy’' milling plantand ! am iiiidiiiod to at onoo ugna* with Mr. 
Mcgraw that tin* c|ii**^-tion of sindi iiiidiioil ‘dioiild tm distniHsiHl, The 
('stiimdion id’ milldioad ooiitiiits l»\ iidding hii!li«*ii l•^m(ollt. to tailing 
(‘ontiud amt ilividing l*y t«*iiniigr, is not a inofhoil i\or(liy of a niotah 
lurgist, and, as Mr. Mograw so fittinglv put’, it, n* oortuiiily ’’a nitdliodof 
solving a prohlmii I»y imxniiH of wldofi itiiv aiisuor i-. I ho rigltf onv/^ 

Hindi nudhoils jiro not. I tndiiwtx in griiiisal t|so. hut aro Itidiig inontly 
UHcal Iiy operators hir sfoc’k i‘oiii|ijiiiio..H. ‘fiiori* nrv f mo idassos of iiiining 
Hharcdioldi'fs; tlioso holding sliiiroH an iiiotiiiir investment, 
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methoils. Tiioso holding ^Inirtfor dork opri'iitiiig itro not interested. 
If tlm liiiiii' is pjiyiiig its wav. Willi im oroa’aMiuil dHiiliinL dtadiirecl at 
tho riglii time to Htiiniilaio ii liiill inaikrt, ipiiliiiig inoro i,*^ ex peeled or 
wantisk However, from nn eiigiiiof r*>* siainlpoiiti, or from a husinesB 
minds Htamlpoiiil, tin* ^ysfeiii iiniidi fo In* ih-sirni 

Nid only is the svstiaii refrered to fln' ■'4iiiirro of iiinrriirafe statemente 
and lietifioiiH results, but it iinHrirniiiir and liithu^iiie’^dikix iiiifl lepds 
to show a lack of litont! eoiiritto* on llio loirl nf tin* midi-iiidd Miieeifllktl 
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ill (4uirg'(^ of ()])(u*ati()us. Advocates of the system will (4aim that they 
are continually watidiing results and working toward better extractions, 
and that they get everything ])ossil)le out of the ore anyway, so why 
undertake additional work which would result in no benefit and only 
(confuse the records. Plow do they know they arc getting everything 
possible out of tlu^ ore, if they do not know what the ore contains to start 
with? They tell by the tailing assays; if those are low they assume results 
to be (correct. How do they know that the liullion recovered is the true 
difference l)etwe(ui head and tail content? Tailing content may bo low 
and still the liullion prodin^ed may not represent what should have been 
recovered from the ore, or perhaps what really was extracted. Losses 
may occur through (‘.arelessncvss, faulty treatment, or dishonesty. These 
losses, which may amount to much, are entirely unguarded under su(4i a 
system. 

If an ofierator is afraid of his mill head, why is he not afraid of his mill 
tailing? Pie probably is not afraid of either alone, but does not care to 
meet both together, parti(uilarly when he ii^ standing between them with 
the ^A)rick.” There is no reason why the tailing sample or assay should 
be more reliable than the head sample or assay. In many cas(\s, it is 
much less r(4ia])l(^ Who ever heard of a (correct tailing sample during the 
time anything was going wrong in the mill, especially when therti was no 
record of heads? How can tonnage represented l)y tailing samples be as 
actcurately (\stal)lished as tonnage r(^i)resented by head samples? In 
cases where sand and slime are treated separately, the calculation of 
proportionate tonnage increases such inaccuracy. 

When the head content is known, an efficient system of solution 
sampling will check both bullion and tailing, but when the head is un¬ 
known, this will only check the bullion. It is true that bullion plus tailing 
conteuxt is (xpial to the head content if no losses or (errors occnir, but they 
do occur, and hence the formula instead of being B + T = //, should 
f)e written /i + T + L = II, But II and L being both unknown 
quantities, ^Lany answer is the right onc.^' 

By having the head assay, precipitation record from solution assays, 
tailing assays and correct tonnage record, results are positive and any 
discrepancy represents loss or error, the two most important things the 
metallurgist is paid to guard against. He is not necessarily careless or 
incompetent when such discrepancies occur, but displays his a])ility when 
he finds and removes the causes for such losses or errors. Having no 
head assay, it requires no ability on the part of the metallurgist to ke(^p 
his records free from discrepancies except that he must be able to add 
correctly. 

By one method the treatment is controlled or regulated by a knowl¬ 
edge, before treatment, of what is being treated. By the other method 
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th(^ is or n'^ulatrci l»y a kuouircl.i^v, fia'aiment, 

of what was troa((‘(L By niio t ho opt*ratnr is abl(‘ to arrange his 

trealinuait so as to st'cma* tlu* host ro>ult'^, h\ tlu* otlaa* ht* tjiak(‘s a guess 
ami then, aft(T tnaitnuait is tiiiisliotl, ho d«‘ti*riHint‘s how far lu^ was off 
and makes his answ(a right by fitting hU origiua.l problem to it. He 
uov(U' doc^s know what per oont. <*\traotion is innug made ui S2 tailing 
may bo the result o( ludtta* pm* oont. oxlraotiou than a. .SI tailing), not 
that it makes any material difiVri‘UOi\ as tin* aotual anunmt of b\illum is 
the main thing, but hc‘ reports Ids ptaTtadagos jtist tlio snmt'; how? 

Tlnotudhod is also imfair to the mine. Hu* milt keeps its r(‘eord clean 
and all (‘ontaimnl valm‘s that «*onn* to it are ar<*ouute«l i<»r and rt^ported 
either in bullion or tailing, but the ndiie must stand its own losses as 
well as tlu)S(‘ of thc‘ milk Idn* mim* ma\' be Heading S2b ore to the mill, 
but th(‘ H + 7’ system may only hIihw SIS a^ mill luamk whieh is all the 
mill will aekuowlndge naaavirtg. U Imt bissmtoH uf tlu^ .S2? Where is 
it charg(‘d? Who Ios(*s it? It tltdlerH abtaif nnaeeoimted tor, tor a 
time, aiul then finally stdIh^^mownod and iiniioiieotl in tin* litth* nest of 
“shriukagt^ (d’ ta’(*viously c'stimaletl ore rt*oa*\e'%‘’ hIuiuu in no rt'port, a 
most eouv(au<ai,t hiding plu-oe for iuaeeuraeioH, and results of the 

imdruaent nudhod (if “enleulafioit of <'\traetiunN/* If a eareful in¬ 
vestigation were ma4le intt^ tin* raust* nf dtH<aa*paneieH in mill r<*sults, on 
account of whicli tliis “nuy-aimwer is the right oiie“ metlnnl hm been 
adopted, it will be found tliat an inrurrert toimage reeuisl is a greater 
facd'Or in tin* rtiaiter than will In* general!) euiieedeil. 

A. *Sin\KV AmuTOK. 

Han Francisc‘ 0 , C'nlif.. .Imn* i 1. l!Md. 


Tlu‘ eustom cd’ using the csmteiii iil Iniliiuii prodtiei»i! plus the content 
of tailing discdiarged as tin* value of the fVed in milliitg operatums, as 
Htat(‘d by Mr, Mt*grnw in the .bn mil, nt Mar. h. HH.'b easily aeeotmts 
for th(‘high pcTceiifageH of extraetioii frt*i|iieiifh re|itirfi*iL t leeasionally 
mon* reasouahlc* estimates^ ma\ be bnind in ftie reports puldislied by 

A - B \\ ken 

XIOUC* \ of f»'C i: 

(' -di II 

X e\lr,'irlt \Mni\ % iPir 1*1 riiiinnilrsites. 

A 

This formnlii would givcrontsu ii tlir oi Imi ,iipi niuld 

ndied uptui, hut with fin ussit) of Heillod f.ohiic.’s * * . tnumn tluiif, the extriw- 

ti(Hi {M‘recastiigt*s soohtuiniHl inu) hr imu** ili.iii is*' ilnnr flie oiuiit o\triiriktn iiud 

*A formulii imndt used fur eiilniliifmg ihr r\ff .ind ttlm-ii fluted tn l:»a 

convc'uicnt for upprcxiiniite 1*^1 iiiuiliuiis it i« iiiipi.i* *es^ihle f*» flic prnd- 

iietH. IK till* fiiUouafuf’ 
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it is therefore undesirable to make use of this formula. Ashcroft "The Flotation 
Process,” "Trans.,” I. M. M., 1912, and "Eng. and Min. lourn.,” Dec. 7, 1912, p. 
1085. 

large mining companies working low-grade ores, as such companies 
generally make use of sampling devices and employ their own assayers, 
but no calculation into which the assay value of the tailing enters can be 
of value because, under working conditions, it is impossible to ascertain 
directly the real value of the tailing. 

From tlie moment concentration commences the water made use of 
carries,,off mineral of value, and this continues all through the process. 
The amount of floating mineral will vary with the fineness of division of 
the particles, degree of concentration, amount of water used, and in¬ 
clination of the tables, or with the rapidity of concentration. The 
effect of those circumstances is to cause the settled tailing to be invaria])ly 
of lower assay value than if there wore no float. 

The subject; of extraction percentages is one which occupied my 
attention for several years, owing to my having l)cen engaged by a 
mining company to carry out investigations with a view to ascertaining 
the amount and manner of loss in the wet concentration of silver ores. 
No trouble or expense was to be spared and ample opportunity was 
afforded to make (experiments on whatever scale secerned advisable. 

To estimate the extracetion it was clearly necessary to know (either the 
correct value of the mill feed or of the tailing. To obtain the tailing value 
was difficeult on acecount of the constant loss in the overflow and the 
impossibility of ceollecting the whole of the material under ordinary 
(eircumstances of working, and it was therefore decided to depend on the 
assay value of the feed. 

During the tests, samples of tlxe settled tailing were taken and 
assayed, but in no instance did their value agree with the theoretical 
value obtained by difference. Their value was invariably lower and 
the differencK^ greater with higher degrees of (ioncentration. At first, it 
was supposed that some error had been made in sampling or assaying, 
and checik samples were taken and assayed, but these only confirmed the 
low value of the settled tailing. In the opinion of the operators, the 
water only (jarried off the more soluble portion of the waste. It seemed, 
however, that the mineral accompanying this might account for the low 
value of the settled tailing. After this, a number of tests were made to 
ascertain the (extraction in jigging,’in sand treatment, and in (joncen- 
trating slime, by concentrating in the usual manner about 10 tons of ore 
in the same condition as fed to the different machines, it being possible 
in concentrating a moderate quantity of ore to collect the entire tailing in 
tanks. As a result of many tests it appeared that the percentage of 
floating material was proportional to the fineness of the partichis treated 



148 


DETAILS OF CYANIDE PRACTICE 


and that its value was more than twice the theoretical assay value of the 
tailing. Thiis, the discrepancy between the theoretical and actual assay 
value of settled tailing was accounted for. 

The tests referred to were made with the same care in weighing, 
sampling and assaying the ore and products of concentration as would 
be exercised by a smelter purchasing ore, and were under my constant 
personal inspection, the object being to arrive at the actual rate of loss 
per degree of concentration of value in each ^ of the three operations 
mentioned. The assumption was that with this data it would be possible 
to calculate with precision the probable results to be obtained in con¬ 
centrating ores of different assay value to different degrees of value, 
by the methods of concentration made use of at the establishment under 
consideration, without the necessity of weighing the feed or the tailing. 

Loss in concentration appears to arise from: First, the unavoidable 
loss characteristic of the particular ore concentrated, arising from the 
degree of natural concentration of the value in the gangue, its combina¬ 
tion with various sulphides, and the nature of these; and second, the 
degree of division of the particles, which is the main cause of loss. 

Some minerals are more friable than others, but the percentage of 
mineral to gangue is so small that it would not materially affect the general 
friability of the mass, and it may be assumed that ore of different minerals 
will crush in a similar manner and that the effect of division would be 
similar, although the float slime might be of higher value with friable 
ore. Hence, the weight of float arising from a certain degree of crushing 
an ore may be taken to be a measure of the percentage of float in crushing 
any ore to a similar degree, and this appears to be confirmed by the few 
examples which it has been possible to obtain. 

The accompanying scale of extraction percentages obtained in 
concentrating a silver ore, crushed to pass a 30-mesh screen, aperture 
0.0166 in., will illustrate the application of the results of some of the 
tests made. The silver was associated mainly with iron pyrites and a 
small amount of blende and occasional small quantities of galena, and 
occurred as pyrargyrite and in combination with copper (fahlerz). 
The matrix was quartz of average hardness. 

The extraction by formula based on the assay value of the settled 
tailing was 4.2669% at 2: 1 concentration, and 18.3545% at 12: 1 con¬ 
centration, in excess of the actual extraction. 

It will be observed that the difference in the assay value of the 
settled tailing and the total tailing is so small in low degrees of con¬ 
centration that, with ores of little value, it might escape attention 
unless great care were taken in sampling and assaying. 

The method adopted for finding the percentages of extraction and 
loss incurred, weight and value of concentrates, and tailings, for any 
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degree of eoneentratiou or value of feed, according to results obtained 
carefully made tests, was as follows: 
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The total possible loss being 100%, the loss due to different degrees 
of concentration of the values will be proportionate percentages of this 
loss according to the degree of concentration: 

PERCENTAGE OF LOSS IN VARIOUS DEGREES OF CONCENTRATION 
Degree = % of total loss Degree = % of total loss 


0=0 

9=88.28 

2=50.0 

10 = 89.06 

3=62.5 

11=89.84 

4 = 75. 

12 = 90.625 

5=78.125 

13=91.41 

6=81.25 

14 = 92.19 

7=84.375 

15=92.97 

8-87.5 

16=93.76 


To find the total loss, first divide the assay of the concentrate by the 
assay of the feed to find the degree of concentration, then by means of the 
table find the relative percentage and, from this, -the total loss. When the 
total loss is found by means of a test, the loss in concentrating similar 
ore of any assay value, and in a similar state of division, may be found, as 
it will correspond to the percentage of the total loss for that degree. 
In this manner the percentage weight of tailing and concentrate may be 
found and the actual value of the tailing. 

The total loss may exceed 100% when the rate of loss is great, due to 
water used in concentration being excessive—or there is a reversal of 
concentration. 

A knowledge of what the actual value of the tailing may be at different 
degrees of concentration is of great importance, as concamtration may be 
carried to such an extent as to become negative, that is to say, the discard 
will be of greater value than the feed, owing to the tailing increasing in 
value in proportion to the degree of concentration. The first tailing 
discarded, up to a concentration of 2 : 1, is the largest in amount and the 
least valuable. After this it becomes richer and less in quantity; this, 
however, is liable to pass unnoticed, as the amount being small in com¬ 
parison with the first tailing, the average value of the wliole of the tailing 
is not greatly increased. The following example of concentrating cop¬ 
per ore, sand and slime, with bubbles will illustrate this: 


Degree 

of 

concentration 

Tons 

concentrate 

% 

Tons 

tailing 

% 

Extraction 

% 

Loss 

% 

Average value 
of tailing 
units 

2 

4 

8 

22.56 

4.42 

0.495 

"’ 77.44 

95.58 

99.505 

45.12 

17.68 

3.96 

54.88 

82.32 

96.04 

7.0868 

8.6127 

9.6518 


The unit has been taken as 10 for feed. 
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In this scale of concentration the total loss found by experiment was 
109.70%, so that there was a reversal of concentration at some point. 
Concentrating 22.56 tons to 4 : 1 would produce 4.42 tons concentrate 
with 18.14 tons tailing at 15.127 units, but concentrating to 2.5 deg. the 
tailing would be worth 9.463 units, the limit to which concentration could 
be carried without reversal. 

In the vanner treatment, the total possible loss, found by experiment 
was 106.66, about the same as with the buddies; consequently it was not 
possible to (a)ncentrate beyond 2.5 degrees in either case. The con¬ 
centration, however, was carried to 4.9471 degrees by vanners and 
2.6277 degrees by buddies. The combined concentration was, by jigs, 
12.734 degrees, extraction, 57.095%; by vanners, 4.9471 degrees, extrac¬ 
tion, 17.589%; and by buddies, 2.6277 degrees, extraction, 36.545%; 
and combined, 8.4692 degrees, (extraction, 69.575%. Assuming the data 
given to be (*.orrect, the tailing would have an avc^rage content per ton, 
0.70443% copper, of which, ac(iording to the loss in float resulting in 
tests of silvcT ores, 35% of the w(3ight of tailing would have been carried 
off with 57% of the cahmlated contents of same, and the value of the 
settled tailing would have become reduced to 0.46594% copper, equal to 
a redu(*-tion of 0.23849% in the percentage value. 

Calculating the percentage of (extraction by the formula, with valine 
of settled tailing 0.4659%, an extraction of 80.10% would be ol)tained or 
15.127% in excess of the actual combined (extraction. The (excess, how¬ 
ever, would be much moree in calculating si'parate recoveries by vannirs or 
buddies. 

Thee relative (extraction by the different machines at the same degree of 
conc(entration was: Jig, 76.48%; vanner, 46.67; buddle, 45.12%. This 
must not be consid(ered as a measure of efficiency but, if anything, a 
measure of the fineness of division of the particles. The float p(ercentage 
on the tailing was: Jig, 10 to 15%; sand tables, 30%, due to a portion 
being r(^ground; buddies, 45%, due to nearly all being reground. 

A single test was not found to be suffiiaent as* a test of the recov(ry or 
of the amount of float occurring in the operations of a mill, because, in 
working, liuddle heads are sent to tables, and table se(‘.on(ls and slime 
go to buddies, and these combinations alter the conditions. It was 
found that the regrinding greatly increased the loss and this without 
doubt was the main cause of lower results being olitained under working 
conditions than in single tests. The main loss arises from float whatever 
machine is used and there appears to be little chance of ov('xcoming this 
difficulty. The great loss of tin slimes in Cornwall is evidence of this— 
but it may be possible to improve extraction by paying more attention 
to coars(ir crushing and jigging. It is not sufficient to infe from ()bs(Tva- 
tion only that an ore requires to be crushed fine to obtain the best results 
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in its coucc^ntnilioii aiul Ui(‘ possiluiily of ohtnssuH,' f. 

coarse cnisliiiig may W(‘n r(‘pay tiu* trouhh* of cain^fully as<‘(‘rlaiuiuZ+T 

most favorable' of crushia^ in (‘ach cast*, as ^ ^ 

. . ., . , . tau/ voiTiQ 


vary iruK^li in i'lin naiiiral coiifcnfratinn (if tiu'ir 


, V('ins 

values. With silv 
ores, ilie tailing is iiardly ever (if hiwer value than S,s. per ton- 

queutly, rwry ton of wasli* jiieked out hy hand hefore eouceiitrar'^'^' 
results in a eonsiih'raJih' saving, as it raise.s tiie value df (i|,> reinaindw^ 
thereby reducinK the deforce of eoneentratiou re(|uired atid, at Ihi' ’ 
time, n'ducinfi; tin' loss in (realmenf of the whole, 


same 


London, lOiifi;., Apr. S, lilld. 


Wna.iA.M S. W 
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CHAPTER XIII 


THE NEVADA HILLS MILL, AT FAIRVIEW 

The plant of the Nevada Hilk Mining Co. is situated at Fairview, 
about 45 miles southeast of Fallon, Nev., the nearest railroad station. 
Due to the lack of immediate railroad communication the entry of 
supplies is slow and somewhat expensive. A line of automobile stages, 
however, makers passenger and mail transportation more easy and 
simple. The situation of the plant, so far removed from the railroad 
point, makes tlie obtaining and retaining of competent labor somewhat 
difficult. The fact that the company is the only one operating actively 
in the district does not help matters in this respect, and it is stated that 
the labor question is one of the important ones to be handled. 

Varied Character of the Ores.— The ores milled at the Nevada Hills 
mill vary in both character and hardness, but on the average may be 
said to be somewhat harder than the usual Nevada silver ores. In 
character they vary from clean, easily treated mineral to complex 
deposits, whi(^h give some trouble in beneficiation. The oxidized ores 
contain a certain quantity of manganese and are generally more difficult 
to cyanide than the sulphides, an extraction of 87% being usual on the 
former and on the latter 94% or more. Calculating on a basis of the 
average mill run an extraction of 92% is obtained. The mill treats from 
120 to 140 tons jier day, depending on the character of the rock. The 
proportion of silver is about as 100 : 1, the ordinary mill heads averaging 
$20 to $22 per ton. 

The mill is situated at the shaft head, thus obviating transportation 
difficulties, the mine skips dumping directly into a bin at the head of the 
mill. The mill building is a steel-frame structure covered with iron, 
substantial and well built. 

Sampling and Weighing Plant.— The ore coming from the mine is 
dumped into a 300-ton bin from which it is fed to a Blake crusher, the 
product of which passes over a shaking grizzly into an elevator. This 
elevator lifts the rock to a sorting and conveying belt, where the waste 
is taken out after the whole has been given a spraying wash, to facilitate 
the sorting operation. 

The original design of the mill included at this point an automatic 
weighing device and sampling plant, but both of these have now been 
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stated. The reasoning leading to the .abandonment of these steps is 
that the expense of operating them was more than any advantages gained 
from them. It is noteworthy that practically the same condition obtains 
at the mill of the Goldfield Consolidated, at Goldfield, where the ex¬ 
tensive sampling plant originally built was never replaced after its 
destruction by fire. 

Whether a sam])ling and weighing plant is worth its cost of installation 
is a question which seems to have been decided in the negative in recent 
years, although in former times such refinements were considered indica¬ 
tions of approximate perfection. The system of calculating extraction 
percentages by using the sum of bullion output plus tailing content as the 
content of ore entering the mill has rendered sampling unnecessary and 
weights can be approximated in some other more economical manner 
than by actually passing the mill run over scales. In speaking of the 
Tonopah mills I have already referred to this method and in writing on 
conditions at the Black Hills I mentioned the advisability of sampling 
and weighing plants for these mills. These later facts brought out 
by the investigation of further plants will modify the conclusions made 
earlier, but (wen at this time I do not feel altogether convinced that the 
methods so univcTsally used at the present time are the best ones. 

Methods of Calculating Extractions. —The arguments used by ad¬ 
herents of the latest method of cahuilating extractions are that even with 
elaborate sampling plants it is difficult to obtain an accurate sample; 
that even if acanirate samples are secured, they are liable to corruption 
through the inaccuracies of assaying, the fact being advan(*,ed that there 
is always a certain loss in assays and that the loss on the higher-grade 
samples, heads, is greater than on the lower-grade samples, tailing; and 
that the varying amount of metal contained in mill pulp and solutions 
makes accurate calculation an impossibility in any case. All these argu¬ 
ments, no doubt, have weight, although it does seem that some method 
of calculating a (;he(*,k could be devised. 

As concerns sampling and weighing, I am convinced that by using 
properly designed apparatus in the hands of competent operators an 
accurate sample is possible. And also that chemical science is not so 
limited but that an exacd estimation of the contained metal in any sample 
can be made. As to the conditions within the mills themselves, that is an 
entirely different matter and a question not so easily solved. In the older 
style of mill where sand and slime are treated separately, the slime going 
through the mill in three or four days while the sand portion remains in 
process of treatment as much as 15 days, it is evidently impossible to 
calculate extractions over a short period of time, although if the period 
be long enough a fair approximation of accuracy should be obtainable. 
In the newer mills treating all the ore as one product, calculations ought 
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to be considerably simplified. In its present condition this question can 
hardly be considered definitely settled and I believe operators ought to dis¬ 
cuss it publicly and see if some satisfactory solution cannot be advanced. 

Chemical Consumption and Operating Cost.—The consumption of 
material is about as follows: Cyanide, 2.7 lb.; lime, 9 lb.; lead acetate, 
0.8 lb.; zinc, 1.5 lb. per ton; pebbles, 3 lb. per ton of ore milled. The cost 
of operation at the Nevada Hills mill is given completely in the accom¬ 
panying table: 

OPEEATING COSTS AT NEVADA HILLS MILL 


Crushing: 

Labor. 

Repairs. 

Power. 

Stamping: 

Labor. 

Repairs. 

Power. 

Concentrating: 

Labor. 

Material. 

Power. 

Elevating and separating: 

Labor. 

Material. 

Power. 

Assaying and sampling: 

Labor. 

Material. 

Power. 

Tube milling: 

Labor. 

Material. 

Power. 

Settling and agitating: 

Labor. 

Material. 

Power. 

Continuous decantation: 

Labor. 

Material. 

Power. 

Filtering: 

Labor. 

Material. 

Power. 


$0,052 

0.003 

0.016 

Per ton 
ore milled 

$0,071 

0.106 

0.024 

0.117 

0.247 

0.087 

0.011 

0.021 

0.119 

0.042 

0.004 

0.025 

0.071 

0.134 


0.001 

0.008 

0.143 

0.040 

0.104 

0.149 

0.293 

0.105 

0.655 

0.062 

0.822 

0.020 

0.004, 

' 0.008 

0.032 

0.09G 

0.028 

0.052 

0.176 
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OPERATING COSTS AT NEVADA HILLS UlJAr~~{Contwued) 


Per ton 
ore milled 

Discharging: 

Labor. 0.066 

Material. 0.046 

Power. 0.013 0.125 

Precipitation: 

Labor. 0.057 

' Material. 0.191 

Power. 0.032 0.280 

Refining: 

Labor. 0.073 

Material. 0.077 

Power. 0.003 0.153 

Heating: 

Labor. 0.004 

Fuel (oil). 0.052 0.056 

Water. 0.005 

Surface equipment: 

Labor. 0.007 

Material. 0.003 

Power. 0.004 0.014 

General expense: 

Labor. 0.015 0.015 


Total.,. $2,622 


Note—Cost based on milling 4030 tons of ore in 30 days. 

The ore ready for the mill is dumped into a 600-ton mill bin back of 
the batteries, into which it is fed through feeders of the Challenge type, 
but driving by means of a wire rope instead of the usual grip used on them. 

There are 20 stamps, each 1250 lb. in weight, making 107 drops 
through 61 in. and crushing through 8-mesh screen. The pulp from the 
stamps is delivered into two cone classifiers, each 36 in. diameter, where 
it is divided into two portions, one containing the coarser sand and the 
other the finer part of the pulp. 

Classified Concentration.— The underflow, or sandy portion, from the 
classifiers is passed to a pulp distributor, whence it is distributed to six 
No. 2 Deister concentrators, the overflow of the cone passing around this 
concentration system into a second battery of two hydraulic cone 
classifiers. 

‘The tailing from the sand concentrators is passed to Akins classifiers. 
The overflow from the first classifiers passes to the second battery, where 
the underflow, containing the heavier part of the pulp, goes to another 
pulp distributor and thence to eight No. 3 Deister concentrators. The 
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ovcrfloWj (Hjusisliu^i; ui slinio i‘c\'i<iy inr ati;!!alioii trfaliinail, ^'<k*s directly 
to tlu^ first thi(‘krner, as will In* nicnfiiauni. 

From !>lu‘sliiu{‘ (aHUHadrafors, lht‘ fHilp with (la* riaaaadrai(^ riauoved 
flows to a distributor whicii <livi<!o^ it in tuo aiul d(*livt‘rs to two 48-in! 
Aldus (dassiticTS, tlu‘so btdii^' <4* tin* wolhkuuwa inf(‘rru|dr<I spiral flight 
type, tlu^ ovcadiowinii: sliuu^ joiniiiR' that ro!iiiu|^ trom th(‘ sorond battery 
of hydraulic (dassifiers, whilo I ho >autl is passod to anoflna' distributor 
whi(?h d(div(a\s to two tula* rnilF. oaoli 5 • IS ft. 1’ho rogroiuid product 
from th(‘S{' mills is ladurmal ft) tin* -;o<’ond battor\’ of tdassifiors, vvdierethe 
slimcul portion is takou otd ami tin* roiuaiuiui^ indp h»llows through the 
couccmtraiiou and juetdiauical td:m-*itit‘atiou piaaa'ss. This proetHlure is 
shown in tlu‘ accompanyiiiK Itou 

Continuous Agitation, 'rim slian* for agitation i,N taktm first to one 
Dorr thick(*rmr, 84 X I2 ft.. wlaai* it fltirktUMMl from about 15:1 U) 1:1. 
Issuing from this thickcimr, tlm fHilp gor*- It) fhr aaitalion seri(‘s, before 
reaching whitdi, however, it dilufetl to 2 or 2j ■ I U\ Mdution madiMipto 
treatmemt stnmgtli, which eontaiio> A lb, l\XX prr Ion. solution 

us(h1 throughout the mill averagi-* 8 lb. per ton. all enmlnng btdng in 
solution. 

''rht‘rc‘ arc nim* agitation laid^*-* o! tic* IXrhiiea i> pi% raeh I2 ft. diame- 
Uh' by 82 ft. dc‘cp. 11 m» pulp for trrafnient foe-o*. through six of these 
tanks in st»ri«*s, tin* ll«n\ iielng eontiinioii.. I rom flu-'e tanks it is taken 
to a Tnmt agitator tank, of tin* "d/e a-', tin* !iiiektaita*. and tlmnceto 

a84Xi2"ft. Dtirr tlfad^ener. Hen* tin* pulp i'-» Ihiekriietl again to about 
1:1, and suhsecjneiitly dilutetl In-Hh tiiaiir*nip ,’«.oiti!icm. dim pulp 

ih(‘n f)ass(‘s tc^ nnolfmr series eoii'^i^itiiig of ftim* Fatditiea tanks, of the 
sanu* sizt* ns flmse formerl>“ meiifioiied. tliriiiigh wliteh it passes con¬ 
tinuously. 

''riiis iutt*rruptOil agitation M-rie'-. l*‘'■pl•ei:l!l\ wortli\ of note, an it 
aecomplish(*H a coiitinnotm agitation amt alo* a ehangi* of Milniion, a 
condititm making for better extraeiioti and onr mhifh I mhoeatcHl Home 
yc'ars ago for silver ores wltmi eoiitiitiitiii" ainliii tun ttirn proptisial but not 
gemwully pnn‘ti*^i‘dd d1it» ath'inifagi^ of a ehaiige itf siihition tluring a 
long agitation perhid is geitrritli\ reengiii/t-d and thi'n tindliod of ac- 
complislung it cam hardly fail to jintdiiee lifiii-lieiiil n-oilis, 

Washing by Decantiitioii* Froiii i!«* .Meroiid itgoaiitni ^a*ries the pulp 
is passcal ti> a tank 2*J.5 ft, dtiiimaer b\ I8 A it dt-ep. in mliiidi is installed 
a Dorr agitating ineehanisno lit piiH^mig it woilli while iti mention the 
working of this iiiaclune, It Ini.s tivo jtgifnfiiig arni"^ whiefi revolve at 
4|" r.p.m., and the ciaitra! airdifi pip** r 12 ui fliamtier. ddiis airlift 
delivers tin* pulp to two ariiis siiHpiUtded ab*n r fho imtiurt* of tin* pulp in 
the tank and whicdi revolvi^ in iini^oiit ttith tii** Hiibiiii-rgisl arms. The 
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Skip 

1-500 Ton Bin 
hl2"x20"Blake Cr'sher 

l-Shaking Srlzzly 
Elevator 
Sorh'ngBe/f 

1- 600 Ton Mill Bin 

^-Suspended Feeders 

20-1250 Ih.Stamps, 6^ "drop, 107 drops. 
8 lieshScreen 

2- 56"Hydraulic Cone Classifiers 


1-36"Pulp Distributor 


, 6-No.PDefster Concentrators 

Concentr ate 

2-56"Hydraulic Cone Classifiers 
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5-54'xl2'Dorr Thickeners 


I fM\i 
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1 I r 1 I 2 - 12 'Oliver Ft Iters 

j 4=LL5//m..>. 
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Pumps 
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outside arms (U)iisist of a iaundor whii-li earrios tlir pulp airlift 

and drops^it at various poinis «i\or (lie lank surfaee, an arrangement of 
slots or ojxmiu^s allowing an cH|ual di>lrihufion. If is sfafed that tests 
have shown tlnit the pulp within this a,nitat«a‘ maintains its homogeneity 
at all ])oints within 2^ , whtm tested hy speeifie gravity, [uilp assay or 
s(*reen t(‘st. 

From tliis agitator the pulp pa^M^s to thrre I hirr ihiektaua's, operated 
as a (iontiuuous-dcM'uutation s\sfcui. Idie flow sheet iliustrat(‘s the 
operation of this scries wliieln it will be not teed, takes in barrcai solution 
at thc^ final thiekemea* and passes it baek tlirougli siieet^s.sivc^ tanks until 
it overflows at the* first one*, e*ririeiiing itself and imfanerishing the pulp 
''Fliis is an e*xemplifie*ntion of the proper working of tlie c‘ounh*r-(‘urrent 
d(H*antatiou me*tluHl, of whh*ii I have* alre*:id\ sptiktai. Bv its umo an 
efTcrtive* washireg of the* solids i-> at'eomplivlied and ako a lighte'iiing of 
the burele*n upon tin* filtering iiiaehine. 

From the* final thie*ke*m*r of tin* ■^erie^- I fa* pulp is take*n to two I2dt 
Oliver hitters whe‘n* final th*watt*riiig eiom*. A vwafe’r wash is applienl to 
the* as(*ending side* of ttic* filter, but, none on the deseianl-’^ide. ns economy 
of watc‘r is iie‘e(*ssary and by nnsaie- the' di-odiarged pulp eon tains a 
minimum of moisture*, Tin* slime diodiarged upon a ei»nvt*vor hc*lt 
t)y wlueh it is e‘arrh‘d clear of the mill and doponifed on tin* tailing pile 
It e‘ontains an average* eif 27% iiioi>4ure, \i Uun mi!!, in disUmdiem 
to the* expe*ri(*ue’e of the* Ikuiopah miil-., no advantage is found from 
lH*ating tlie* soluliems ubeeve normnt. 

Tliesolution tee la* prt*cipitiited h pa.:s%ed thnuigli elarifying prenssesand 
mu* dust is use*d fei pre*cipttafe Ikr ntelido Idie pn^eipitate is partially 
dried, fluxeal and me*lieel in oildirt'ti furiiare- 

The lime* useal in Ireitlmiutt is mhied iv* an miiiilsion at tin*slime(‘ob 
lector, the e|uantity being nlieuit ill !b, per Itm of ore milled. 


CHAPTER XIV 


PRACTICE AT THE NEVADA WONDER MILL 

The mine and plant of the Nevada Wonder Mining Co. is situated at 
Wonder, Nev., at a distance of about 63 miles from Fallon, which is its 
nearest railroad station. Communication is by means of wagons for 
freight,'and automobile stage for passengers and mail. As has already 
been mentioned in the case of the Nevada Hills company at Fairview, the 
isolated situation is responsible for high transportation charges and 
some measure of labor difficulties, the same condition applying at 
Wonder as at Fairview, but with somewhat more force due to the greater 
distance from communication. 

The ores treated at Wonder are clear quartz of medium hardness and 
offer no special difficulties in crushing. The plant treats an average of 
about 110 tons per day of 24 hours, the mill run assaying about 18 oz. 
silver and 0.25 oz. gold. 

For convenience the property is operated by two companies, the 
mining being carried on by the Nevada Wonder Mining Co. and the 
milling by the Churchill Milling Company. 

In its present condition the mill embodies a great many changes from 
its original treatment plan, some of these changes having necessitated 
ingenuity in installing additional apparatus in space which was not 
designed to receive it. Such changes often force awkward arrangements, 
but in this mill most of them have been planned and instituted without 
mechanically embarrassing results. 

Crushing Practice.— The ore from the mine, after being weighed, is 
passed through a 10 X 16-in. Blake rock crusher which delivers to an 
inclined belt conveyor, the latter delivering into the battery bin. The 
battery bin is of 2550 cu.ft. capacity and holds about 120 tons of ore. 

From the bin the ore moves by gravity through gates into suspended 
Challenge feeders delivering into the mortars. It is noted by the op¬ 
erators that the one-stage crushing through a Blake-type breaker throws 
a somewhat heavy burden upon the stamps. The crusher allows a 
proportion of large pieces of rock to get through into the battery bins and 
these may at times cause difficulty in the mortars. Probably a better 
course is to crush in two stages, insuring a uniform feed of proper size for 
stamp crushing. 
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through 8 in, The mortars arc of the narrow, rapid-crushing type and 
are equipped with screens of the square-mesh variety having an aperture 
of I in. These stamps are relied upon in this instance to bear the heavy 
work of reduction, and the pulp from them is passed to one Monadnock 
Chilean mill for the second stage. This mill makes 28 r.p.m. and is fitted 
with ^Hon-cap'^ screens having an aperture 0.08 in. wide. 

Comparison of Time Loss with Stamps and Chilean Mills. —It is 
worth while at this point to consider the relative time lost on account of 
repairs to batteries and the cliilean mill. One of the strong points made 
by objectors to Chilean mills is the time required to make repairs to them, 
the claim being that stamps keep on working all the time without any 
great loss due to renewals and repairs. A great many operators fail to 
take into consideration the fact that while the stamps seem to bo work¬ 
ing steadily and making a great deal of noise about it, it is rare in a mill 
containing any great number of them that there is not one or more hung 
up for adjustment, setting tappets, putting on a dropped shoe, aligning, 
or doing any one of a number of operations that are ncQCssary with that 
class of machinery. When a small proportion of stamps arc hung up it 
does not make any apparent difference in operations, for the mill is mak¬ 
ing just about as much noise Jis if they were all running, but it must be con¬ 
sidered that each individual stamp is relied upon to crush a certain defi¬ 
nite number of tons of ore in a year and every hour one stamp is out of 
commission has its effect upon the total product. On the contrary, if a 
Chilean mill is stopped for repair the whole work is hung up, there is no 
noise and it seems necessary to make every effort to get it running again. 
The effect is to make it appear that the Chilean is taking much more time 
for repairs than the stamps, whereas, if all the minor delays of stamps are 
added up they will usually approximate as mxich or more than those made 
necessary by the Chilean mill. As an instance, at the Wonder mill during 
a period of a year the time lost for battery repairs amounted to 7.70 days 
and the Chilean mill, 3.66 days. There is a 100% difference in favor of 
the Chilean mill. And in this case it is to be remembered that the feed 
delivered to the cliilean is too fine to insure maximum efficiency or econ¬ 
omy of wearing parts. Personal experience has been that the Chilean re¬ 
quires a percentage of coarser feed to do its best work and I believe most 
operators agree with that theory today. 

Tube-mill Grinding.— From the Chilean mill the pulp passes to a 
duplex Dorr classifier where the already slimed portion is taken out and 
the sand passed to a tube mill. This mill is 5 X 22 ft. and makes 28 r.p.m. 
It will be noted that this mill is of the long typo, due to the fact that it was 
installed before the advantages of shorter tubes of the same diameter were 
recognized. The mill contains a lining of the El Oro type, one of the very 
few of these linings I have seen in use in the West. 
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Classification of the tube-mill product is somewhat involved and is an 
illustration of one of the changes made in the original mill design already 
mentioned. The stream from the mill is split into two parts, each going 
to a separate belt elevator, one of which sends its portion directly back to 
the Dorr classifier and the other delivering to a 5-ft. classifying cone. 
The underflow of this cone is returned to tube-mill feed and the overflow 
is taken to a 7-ft. classifying cone which takes out the coarser part as 
underflow and returns it to the elevator leading back to the Dorr classifier, 
and passes its overflow, slime, directly to the slime collector. The accom¬ 
panying flow sheet shows the movement of the pulp and solution. 

Continuous Agitation System. —Slime is collected in a Dorr thickener, 
24X14 ft., and the overflow solution passes to the precipitation depart¬ 
ment or to the battery tank. The thickened pulp is agitated intermit¬ 
tently in four Pachuca tanks, each 15 X45 ft. The pulp receives about 40 

COST OF MILLING AT WONDER, NEVADA 


(Tons milled, 25,186—Period of one year.) 



Labor 

Supplies 

Power 

Total 

Superintendence. 

. . $3,686.65 



$3,686.65 

Crushing and conveying. 

1,651.14 

618.51 

800.40 

3,070.05 

Stamps. 

.. 3,173.41 

1,577.98 

2,058.55 

7,409.94 

Chilean mill. 

.. 1,435.97 

2,014.96 

1,722.62 

5,173.55 

Tube mill. 

1,017.58 

2,126.37 

2,213.44 

5,357.39 

Elevating and separating. 

945.01 

560.84 

476.. 65 

1,988.50 

Agitating. 

6,722.84 

15,775.08 

1,660.12 

24,158.04 

Filtering. 

2,679.01 

953.25 

1,161.52 

4,793.78 

Precipitating. 

987.27 

7,044.47 


8,031.74 

Refinery. 

.. 3,048.98 

5,736.84 

154.58 

8,940.40 

Concentrating. 

543.63 

88.87 


632.60 

Assaying. 

1,086.10 

1,120.53 

41.92 

2,248.56 

Surface and plant^. 

. . 2,101.77 

503.97 

521.19 

3,126.93 

General. 

374.11 

508.91 


883.02 

Storehouse. 

677.59 

383’. 42 

39.89 

1,100.90 

Water and fire line. 

719.54 

617.79 


1,337.33 

Steam heat. 

1,721.62 

5,293.14 


7,014,76 

Traction engine. 

139.68 

32.13 


171.81 

Total direct.. . 

.. 32,711.90 

44,963.06 

11,450.87 

89,126.84 

Indirect 





Ofiice expense. 

1,371.48 

822.39 


2,193.87 

Company house. 

86.06 

105.48 


191.54 

Taxes and insurance. 




i 2 933 61 

Legal and traveling. 

1 



1 Zftjxj , \J X 

' 267.54 

Total indirect. 

1,547.54 

927.87 


5 586 56 

Direct cost per ton. 




3.538 

Indirect cost per ton. 




0.222 

Total cost per ton. 




3.760 


^ Refers to building repairs, outside lighting, removal of debris, etc. 
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homs^agitatioii in these tanks and the solution used is heated to about 80°. 
Solution used for treatment contains 4.5 lb. KCN and 4 lb. lime per ton. 
Due to the fact that the ore is clean and docile, high extractions are 
the rule, the average over the past year being 94.49% of the gold and 
94.74 of the silver. This percentage of recovery is good, especially so on 
the silver, due to the raising of the temperature of the solutions. It has 
been proved in this mill that the extraction falls off approximately 2% 
when the solution temperature is allowed to fall to or below 50° P. during 
treatment. 

Continuous Filtration.— Pulp from the Pachuca agitation tanks is 
delivered to a stock tank, 28 X14 ft., which is equipped with a mechanical 
agitator, and is dilutecr by the addition of 2 ft. of barren solution, and 
from this tank it is taken to a Dorr thickener. The overflow of this 
thickener goes to the precipitation department and the underflow of 
thickened slime is returned to the stock tank again. By this means the 
pulp is given a light washing and the content of the stock tank is main¬ 
tained at a proper thickness for filtering. 

Oliver filters arc used, and the pulp, having already received the pre¬ 
liminary washing mentioned, is filtered continuously, receiving a final 
wash at tlu^ filter. The wash water applied at the filter is led through 
hoses to a shaking pipe where it is sprayed on the cake in a constantly mov¬ 
ing stream. By this means the delivery of the wash to any one point is 
avoided and a better distribution is accomplished. The discharge from 
■the filter is said to contain about 50% moisture. 

In this mill, as in many others, the centrifugal pump has proved a 
more economical and satisfactory method of moving slime pulp than thc^ 
triplex slime pumps. 

Solutions from the Dorr thickeners and from the filters arc passed to 
the pregnant-solution tank from which the precipitation system is fed. 
There are six zinc boxes, each with seven compartments 30X27 in. area. 
Only five of these compartments are used for precipitation and the other 
two, at the heads of the boxes, are filled with excelsior and used for clarify¬ 
ing the solutions. Many of the Nevada mills are using excelsior for 
clarifying, as has already been mentioned in the case of the Tonopah mills, 
and it seems to do the work in a satisfactory manner. 

The precipitate cleaned up is dried in a pan which is fitted with elec¬ 
trical means for heating, and is then fluxed and melted in Faber du Faur 
furnaces burning oil. In order to avoid the melting of short zinc which 
accumulates, an acid tank has been installed and this material finds its 
way into the regular bullion production. 

Material Consumption and Cost. —Consumption of material at the 
Wonder mill is of cyanide, 1.6 lb. per ton of ore milled; of lime, 5jlb.; 
of acetate, 0.8 lb.; of pebbles, 3 Ibj and of zinc 1.8 lb. A feature of in- 
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terest is that the cyanide, lead acetate and lime required in treatment are 
all ground up together in a small Chilean mill and added to the pulp flow 
between the Chilean mill and the Dorr classifier. This is shown on the 
flow sheet. 

The cost of milling is shown in the accompanying table, but it is to 
be remembered that the period of one year covered by these figures 
included 115 days lost due to lack of power and other less important 
causes, expenses naturally continuing to a large extent during that time. 
These expenses falling on the reduced tonnage show a cost abnormally 
high and it should be said that during the last two months when the mill 
was operating at its maximum rated capacity of approximately 110 tons 
per day, the expense droppcal to about 12.75 per ton. 

Considering the situation of the mill and the difficulties under which 
the operators have been working, the results obtained are extremely 
creditable. 


CHAPTER XV 


METHODS AT REPUBLIC, WASHINGTON 

The mining camp of Republic is situated in the northwest section of 
Ferry County, Wash., about 25 miles south of the Canadian line. In 
common with most mining camps it has been the scene of intermittent 
activity and decline, and has had a hard time to demonstrate its value. 
The district, originally a part of the Colville Indian reservation, was 
opened in 1896 and its history since that time has been a checkered one of 
alternating interest and indifference. Lately, however, its mines have 
begun to be developed in a methodical manner which, if slow, is at least 
more satisfactory and certain than can be obtained by a succession of 
booms. 

Metallurgical History of the Camp.—Republic has seen a series of 
mills built within her boundaries, none of which seems to have made any 
remarkable success. The first one was built for the Republic Gold Mill¬ 
ing & Milling Co., and made use of the Pelatan-Clerici process. Natu¬ 
rally, this was not much of a success, the saving amounting to perhaps 50 % 
of the contained silver and gold. Then followed a series of plants 
embodying the chlorination process, combined amalgamation and cya¬ 
nide, the Hendryx cyanide system, and finally the plant constructed by 
D. C. Jackling for the Republic Power & Cyanide Co., built in 1900. 
This plant operated for about 10 months and was then shut down. It 
was patterned after the old Mercur plant in Utah, and included crushing 
by means of rolls and Griffin mills, roasting and leaching. Precipitation 
was attempted by the old method of using zinc dust in tanks, as was done 
at Mercur. This mill is reported to have saved about 91 % of the gold in 
the ore but only about 15 % of the silver. 

Due to the many methods of treatment and the apparent failure of all 
of them to accomplish any coihmercially successful results, the camp 
received a bad name and the ores, while the quantity and grade were 
acknowledged, were thought impossible to treat by any means sufficiently 
cheap to insure profit. As a matter of fact, the trouble appears to have 
been the persistent attempts to fit a process which had proved useful 
somewhere else to the ores at hand, which happened to bo not in the least 
appropriate for it. 

There seems to have been a remarkable lot of misinformation pub¬ 
lished about the character of the ores. Some experimenters went to a 
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great deal of trouble to prove that they were not treatable cheaply, and 
apparently satisfied themselves and a large portion of the mining public. 
That the mineral itself does not justify this conclusion, the two plants 
now in operation prove. 

Description of the Ore. —The ore is described as being a fine grained, 
close textured quartz, but there is also some white quartz which is not so 
hard and which is easily distinguished from the blue, flinty, hard material 
mentioned. Ore from some portions of the camp is more like a clay and 
contains an extremely large amount of colloid matt(^r. It will be seen 
that there is a great variety of ore, but that at present worked by the mills 
consists largely of the blue quartz and white quartz, and is, in general, 
hard. 

While it has been repeatedly stated that this ore contains elements 
which make it rebellious to cyanide treatment, such as tellurium, Bcden- 
ium and copper, repeated tests have failed to (l(fl-.e(fl-, tellurium, selenium 
exists only in minute traces in ores of milling grade, and (H>ppcr only in 
small quantities. Neither of these last two (fl(unents ])r(\s(axts any insuper¬ 
able obstacle to cyanidation as selenium compounds are usually soluble 
and exist in quantities too small to consumer (iX(Hiss.iv(i amounts of 
cyanide, and the same is true of copper, which o(anirs in somewhat larger 
quantities. 

It is undoubtedly true that the ores did not prove anumablo to the 
processes applied to them, but as has been statc'd, tluiscj nnjthods were not 
adapted to the ores. Later methotls and careful ex])erimonta.tion has, 
however, opened up an entirely new viewpoint. 

In discussing the matter, H. W. Newton, superintendent of tiio mill of 
the North Washington Power & Reduction (k)., at Republic, who is 
familiar with the ores, having studied thcmi and (^xperiimnitcHl on them for 
years, and who is.responsible for their pre^sent succ(\ssriil treatrruuit, stated 
that he had made a number of experirnemts on roastcal samples and in* 
variably found that while a slight increases of gold (jxtraeflion was obtained 
on subsequent cyanidation, invariably the extractiion of silveu* decreased 
and almost disappeared. This was un<loul)t(Hlly oiu^. of the rcuisons wliy 
the mill built by Jackling was not succcissful as l-h(^ silvc^r is in quantities 
too great to be ignored and constitutes a larg(' proportion of the value. 

Another point which has been detected and pointcul out by Mr. New¬ 
ton is that the gold occurs in such fine parti(il(\s as to Ixi rarely visible, is 
scattered through an extremely close-graiiuxl rock so that the finest 
grinding is necessary to liberate it and exjxose it to tlu^ a(flIon of cyanide 
solutions. 

The silver probably occurs as a sulphides, or sub-suh)hido, and is soluble 
readily enough in stronger cyanide solutions, though wlum roasted it is 
converted into some other form, probably metallic: silver, which is not 
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readily soluble in cyanide solutions. The reasonable treatment, then, 
would appear to be sliming of the total ore and agitation in cyanide solu¬ 
tions without roasting or any other auxiliary treatment. And this has 
proved to be the case. 

The Crushing System —The mill of the North Washington Power & 
Reduction Co. was commenced in 1911 and has now been in operation^ 
something more than seven months. It handles ore from the Surprise and 
Lone Pine mines, a rather hard run of or(^. Railroad cars deliver the ore 
to the mill where it passes through a system of crushing and sampling as 
shown by the accompanying flow shec^t. 

From the first bin, the ore passers over a grizzly to a Blake crusher and 
then over another grizzly to a set of 16 X 22-in. rolls. From this set of 
rolls it is passed through a wire-scr(^en trommel, the apertures of which arc 
|X| in. The oversize is taken to a set of 14X30-in. rolls, after passing 
which it joins the undersize from the trommel and passes through the 
sampling plant to the mill bin. 

From the mill bin tlui ore, now reduced to such size that the largest 
pieces are al)out {\x in., is passed to a Chilean mill, where it is crushed 
to pass a IG-mosh screen, then through a 45-in. Akins classifier and the 
sand to a tul)e mill, 5X22 ft., where it is slimed. 

There is some dilficailty with this crushing system, tiie crucial point 
being in the Chilean mill. The capacity of the plant is about 100 tons per 
day of 24 hr., and yet there is extreme difficulty in getting the Chilean mill 
to crush the amount of coarse material contained in the RhhI, which is not 
large, through the 16-mcsh screen. This condition should not exist, for 
the material is all small, as has been mentioned, and the screen is coarse. 
The difficulty probably depends on two factors, one of which is the fine¬ 
ness of the feed. A feed of this fineness is usually considered too small to 
give maximum efficiency with a Chilean mill, although at some plants 
large cai)acities are obtained with similar material. This is exemplified at 
the Portland and Independence mills at (Jripplc (Teek. Too fine hied in a 
Chilean mill usually r(isults in building a bed on the die ring, the rollers rid¬ 
ing over it without doing much grinding, and the operators at the North 
Washington mill state that this is what occurs in this case, but they also 
state that increasing the size of the material decreases the capacity, and 
conversely, though with a very fine feed there is not much left for the 
mill to do but pulp the matc^rial and put it through the screen. 

The probability is that there is something wrong with the design of this 
Chilean mill and that it is not adapted to ores of this kind. I feel con¬ 
vinced that under normal conditions there would be no difficulty in hand¬ 
ling a sufficient tonnage of this material. It is reduced with greatest ease 
in the rolls. 

^ At date of this article. 
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agitation tanks, 33X20 ft., which arc equipped with the Trent 
agitator. 

The operators claim that every satisfaction is obtained from the use 
of these agitators even in the large, deep tanks installed. They perform 
their work with a minimum of trouble and give good results in extraction. 
The a&-ation of the pulp is said to be good and extraction proceeds 
satisfactorily. 

The first tank is used as a thickener as well as agitator, the overflow 
going to the precipitation department. Agitation is continuous through 
the scries of tanks, the passage through them being accomplished in 
about 36 to 40 hours. 

It will be noted that the agitation capacity of these tanks is sufficient 
for a good deal more tonnage than can be delivered by the crushing and 
grinding department. The slight changes necessary for increase of that 
part of the mill would be well worth making. 

Use of Cyanide and Other Chemicals. —The strength of the cyanide 
solution in these agitation tanks is kept at about 5 lb. KCN per ton of 
solution. While a solution containing 2 lb. per ton would be ample for 
the extraction of the gold, in loss time also, the strength is kept up to 5 lb. 
in order to make thc'bcst possible extraction of silver. The lime is added 
to the first of the series of agitation tanks at which point also the solution 
is standardized in cyanide content. 

Lead acetates is us(h 1 intermittently. It has been found that after 
several days' use of the acetate it can be discontinued for a long time, the 
relation being approximately, using it for one week and omitting it for 
three weeks. If it is discontinued for much more than this time, trouble 
develops which is believed to be due to soluble sulphides, the condition 
being immediately remedied by the addition of the lead salt. 

From the agitation system the pulp is either taken directly to the 
Oliver filter or is first passed through a settling box for thickening it. 
The procedure is usually to omit the settling box as the pulp is already 
in good condition for filtering. 

The Oliver filter is a large one, 11.5X16 ft., and is said to be doing 
excellent work. 

Precipitation Details.— Zinc dust is used for precipitation, this being 
the most acceptable method when treating ores containing copper, as 
the metal is recovered immediately from the solution and does not tend 
to make useless a large amount of zinc, as is the case when shavings are 
used. The Bosqui system of agitating zinc dust in tanks with the preg¬ 
nant solution and then pumping the mixture through a filter press, is 
followed. 

There is not a large amount of copper present, but what little there is 
may be removed in this way from solution. A statement of the compara- 
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or more pound per ton of rock crushed to a point where it is not much more 
than 0.5 lb. per ton. 

The machine certainly does an immense^ amount of work, reducing 
mine run to a granular i)roduct at one operation. The product is supposed 
to come out through the trommel bars at in., the distance between 
the bars, but there' is a good deal of it which is considerably larger, pre¬ 
sumably due to we^aring of thee bar.s, thus enlarging the openings. In 



ei.OW KIIKKT OK Tim H 


Ore Bin-600 Tons 

18 delfConveyor 

h Williams Hammer 
Trommel Util 

l~Blevafor-3elfdcduckef~20Ton-hrCap 
Sforaqe Bin 

14-24 'Rolls. AUis-Chalmers "'C’” 
h 5x22 "Oafes Tube Mill, smooth 

hSand Wheel 
h Duplex Dorr Classifier 

MRSX10 Dorr Thickener 

e-l2x 18'Agifa-hrs, AirLiftSeries 
Cone Bottom Thickener 

h 16 Oliver Filter 
Slime Tailing 

Clarifier 
line Boxes 

Melting Furnace 
Bullion 

FOIL CONSOLIDATED MILL. 


operation the machine makes an enormous amount of dust as the dry ore 
is broken up. When damp ore is used the quantity of dust is not so great 
and the general product is finer; but its capacity is much reduced. Sizing 
tests on the product show as high as 40% of the product passing a 20- 
mesh screen, of which 65% is finer than 10~mesh and 6% through 200- 
mesh screen. About 70 tons per day are being milled through the 
machine. Its capacity is 10 tons per hour. 

It is acknowledged that this machine is still in the experimental stage, 
although the operators believe it will continue to perform its work as at 
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pnsst^d.. 'Vhv inafhiiir now iii>failrii is tu In* (•\rhan^<‘d lur another 
shnihir ono built much lu'a\irr, but dcNi|.iuHl tu tlc> !!h' saim* work in the 
saiim wa,y. It will, Imwrvor, rcajuin* iiict>iitt*>lai»lo proof to show that a 
ma(‘hin(‘ of this kind can 1 m‘ built ^trou^ ouou,a‘h to stand (ho (‘norinous 
strain of roduoinK mino-run oro to 1 in. or ovon I in. at ono opcTatiou by 
sucdi stnuuiouH mcsnms ami hv ori»manioal. 

Sampling tin* lin(‘ ort^ is demo autoinafioalty, ami afti'r passing thorolls 
as shown in tlaMUTompanying ihnv shoot, it i- MUit toad x22-ft. tube mill 
whi(*li is in (‘los(*d t'irouit wit !i a iltiplox I hirr olassifior. 

Air Agitation Methods, d'hoslimo from tho e’h’mHifior is thioktmodina 
Dorr thiok<m(‘r25 X Id ft., and tho tliioktmod pulp lakon t<» a sorios of nine 
agitator tanks, oaeh 12X IK ft.» with com* bottoms am! udug air agitation. 
In addition to tim oontral air lift in tlioso agitator'-, u liioh aro rut ofT helow 
tho HurfatHMis is dono in tho tanks at (ira^s \a!!i*\y to bo nnmtionod in the 
following paptT, flioro aro throo nth lit ii mat in oaoli tank, dt'signt'd to 
a,void Htd^ling td* slimt* tm tlio oom* bofftiim- w hirli aro loti flat to do this 
automati(*ally. 'rmitnnmt tlirotigli tho lanlo- is ottntininms nml solution 
from t.o 7 !b. Kt’X por ttm is m^od. Vl tlii"'* inill tin* sirtmgt*r stdutions 
ar(‘ us(hI in tho tula* mill, tho ttoakor oiio^ biang nimlo up at tho agitators, 
d'ho timt‘ of agitntiiUi is All Itt 70 hr. in fin* tanks, 
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thioktauT and thonoo an tdivrr liifor. It! ft. drum, whii'o filtration is 
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tho sorios of uim% thun diluting thi* {iidp and giving it a wii«li boforo going 
to tin* thiokoning Imx and filter. Soliiimn *ivorf!otting from tho thiokonor 
is pumpt‘d back to stonigo to bo iiHi^d o\*'r jigfiin. 

T!u^ oro avf*riigt*s $H por ftui in valti** and !I2 to doX is oxfraeted. 
(kinsumptioii of KC*X is I A lb. por tint ainl t hat i 2 2 Ib, pta* ton. 

Idioro is nothing partioiilnrly iiov«4 iilioiit fiiispliiiit with tlio ixxooption 

of tin'Williams mill above moll!iitiii‘*b but if isiiiiufhor link in tlio rhiiinof 
recent events wliieli have shown rlriirl% f!ial t!i»* oros of tin* Ifepiddtc do 
not deHc»rvf‘the ropiifalioit the) hitvo rts*oi\ofI for boing fliflieiilt to treat 
and that wlien use is inmlo of tlio iniatto-^ wiiiidi hiivi* bfaut developed within 
tla^ last few years for the botlor iviiiiiiig i*i tfie r\ aitido process, together 
with the esmmliid nml vital ptani of tla^ nietiilhirgy m applied in this 
pariieular extreiiioly fiin* griiitiing, thorr mt diiriciilty in laaadieiat- 
ing it cheaply and effieioiitly. 

Ncdtlier of tho iiiilF iit present in *i|trrati*»ii porfret nor i:^ lolie taken 
as a muded of its kind, but th*'ditli*uiltio’<mn f fa* way of getting 

Huflieient eapitul tt% trout *iroH wdiich fmd nlroady brcit lugged as hopeless, 
they are good, and too nuirli cr«*fiit ntiiiitd bo giviui to the men who have 
made a iiietiillnririefil Miifis.mM tvlioro inevitiililt-fniiiiro \%iis free!v foretold* 
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THE MILLS OF GRASS VALLEY, CALIFORNIA 

The North Star Mines Co., situated near the town of Grass Valley in 
Nevada County, Calif., operates two naills, one built at the shaft of the 
mine, known as the North Star mill, and one situated in a canon near the 
town, known as the Central mill. The Central is the newer mill, built 
much later than the old North Star mill. They are both 40-stamp instal¬ 
lations and treat about the same quantity of ore in exactly the same way, 
the only difference being that the older mill does not attempt to treat the 
concentrate made in it, but sends it to the Central mill for reduction. 
Owing to these facts the Central mill will be discussed in his paper, its 
system typifying the practice established by the company and illustrating 
the method of concentrate treatment. 

Occurrence of Gold.-—The ore is a free-milling quartz in which quan¬ 
tities of sulphides occur, and it is principally in these sulphides that its 
value lies. The principal valuable metal is gold; silver exists in small 
proportion, but not sufficient to justify any special metallurgical efforts to 
recover it. The gold is principally in mechanical association with the 
sulphides, only & small proportion being in chemical combination. In 
crushing, the ore may be said to be of medium hardness. It consists 
principally of quartz. 

Each of the mills of the company contains 40 stamps, and the com- 
bitUHi capacity of the two is about 9000 tons per month, or about 300 
tons per day. The average ore treated in the mill is valued at about $10 
to $12 per ton. 

Stamp-crushing Practice.—The ore is brought to the Central mill in 
small cars drawn by a light electric locomotive. It is dumped into a 
general bin from which it passes over a grizzly, the coarse rock being 
reduced in size in crushers of the Blake type and the whole finally received 
in the battery bins. 

.The construction of these bins is noteworthy in that they are entirely 
of masonry, forming a massive and solid foundation for the crushers. 
They are built directly on the hillside and are a fine exainple of permanent 
construction. 

From the battery bins the ore is drawn through disk feeders into the 
mortars. There are 40 stamps of 1000 lb. each dropping 110 times per 
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a,11(1 ilu‘r(‘ is also an oulsid<‘ lip plalr. Tlir iT^ular apron plah^s follow as 
is usual. 

'rh(‘ s(‘r(‘(ai in uso is soin<‘\vhat iinu'-iial, r()n''i>{in^' of a li^'ht slu^et- 
st(H‘I platc' punclnai with small lanual lioh\s an* i^rouped 

small s(|uan‘s of about 1 in. on a '^i<h\ ami tin* Mfuaros aia* s(‘parat(Hl by 
ribs of th(‘ solid imdal, about a-^ 'ditjwn in flu* ilbmtration. TIk' size ()f 
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th(‘ hoh*s is such that they appri^xifiioic tln' ofnaiiiii^ ipiicrally found in a 
.‘iO-mesh wire stu'ccn. The ^‘paralifiit rib-* add to the serecai. 

'The* whoh* Icmgf h of t he inort ar, tt‘il h a tt id! Ii of abmif one fool»is occupied 
by thc‘ screem which has im ‘^tnatg!heniifg 4 rip^ a’dih* fruiu flu* ordinary 
woochm frame used to retain if. 

'Fhe batt(*rv fntniing is luitirely of steel, Tin* ilri\ ing arraiigeiiicmt is 
a littlf* out of the ordiiiiiry iih tin* iiioftir is sitiiaffil abiivi* the batteries and 
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^TAMP BATTKRY AND PLATES, CENTRAL MILL OF NORTH STAR MINEh 
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SCREEN USED AT NORTH STAR MILL. 
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ili(‘ driving Ix^lts I(‘ad down, with oih‘ n‘du<*tion, to ilu' caiushaft. The 
iua^ompanying illustration shows this arraiigcninnit. By this nuams the 
battcTy motor is givam a firm foundation on th(‘ masonry of the bins and 
all belts and pulleys an* (atsily n*a(‘lnHl when d<\sinMl. 

From the jdaU^s the pulp is I(h 1 to a s(*ru‘s of eomanitrators whieh are 
round, of the huddle type*, but hav<‘ a rcH’iproeating motion, revolving 
back and forth about a ecmtrail point, through at srimll im\ 'The eoneen- 
trate is removed at a point, on tin* txlgt* of tin* eirelc*. An arrang(*ment is 
mad(* for reenneemtrating the* middling of a numlna' of tlussc* tables on 
others. The maehiin* is known as tin* Dodd huddle. 

From the eone(*ntratorH tin* pulp flenvs to tin* ewanide platit, which is 
separate* from tin* mill and situatt'd at some distaiun* from it. All crush¬ 
ing and concentration is done* in watt*r and tin* pulp flows by gravity to 
tin* cyanide-treatiin*nt plant. 

Cone System of Classification. All the pulp is reet^ivtsl at tin* cyanide 
plant in a rougliing (‘om*, 7Xb ft. ddn* tnn*rfl(nv from tliis (»one goes 
imm(*diat(*ly to tin* cyanide* elepnrtnn*nt as slime*, tin* eebj<*ct lH*ing te) lake 
out the majority e)f the* slime*, aenl slime* only, It*nving the* exnn* mnlerfle)w 
to be^ further e’Inssifn*e! in a He*parat<* systf*m. This Hy.ste*m eonsists e)f 
thr(‘e* ec)ne*s, e*ae*h oXfi ft., using an upward enrri*nt eef water to assist in 
the classifieuitiem. Din* of tln*se* e*eun*H has straight sieh‘s, but of approxi- 
mat(*ly the* same* size* as the* cdlnT two, ami its e)pe*ration is the* samc\ 
(dean He‘paraiion is accemipliHlnnl in tln*se» vimvH ami the*ir ewt*rHow joins 
the* stream of slime* from the* roughing e’e»m* ami feirms the* slime* portion of 
the^ pulp. 

Separate Sand and Slime Treatment The um!e*rflow of the c*oin*H is 
taken elire*{d.ly to the le*ae*hing tankH where tin* first eyanitlt* solution is 
put in (*ontact with it. 

The le‘ac!hing tanks are* six in num!ir*r, e*iicdi 22 ft, 5 in. by H7 in. and 
are* He*rvc‘el l>y distributee's of the Butff*rs type*. Tin* t*yanide* trt*atmcnt 
e)(*cupic*s about He*vc*n elays in toinl At first a wash of linn* wate*r is 
applieul to neutralize* any imidity in the twi* ami prepare it for the* cyanides 
solution which folltnvs. After ilm has !te*e*ii tlraim*<l away a bath of 30 
terns of pre*gnant solution from the filtea’s is applied which has strength of 
about 0.0*35% KDN. ddiis is iiiiimaliately elraimnt and is foIlowe*d l)y a 
bath of liarrem solution eamtiiining 0.1% KC'N. Tin* tank is filDcI with 
this solution, whieh is allowed iei reiniiin in eamtiict with the* edtarge^ for 
24 hr. with the tank outleds e‘lost*<t meanwhile. Affe*r this Heeaking pe*rieKl, 
the* solution is allowed to elrain into a spee*iiil sohitiem tank until it shows 
a Htre*ngth of 0.0C>%,, KDK, w}n*ii it is turiteil into the strong sump, wlmre 
it finally reache*H a Htreiigtli of alioiit O.OfB*; Kt C Ither strong washes 
are followeal by wasln*H of Hedtitkiii from the filters and fiiiislies with the 
barren solutions which are to be Wfwt«»il bi*iiii£ ijre<*it)itated, and 
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finally a water wash is applied. The sand, after treatment, is sluiced out. 
of the tanks. There is no scarcity of water. 

The slime is all collected in a series of cone-bottomed settling tanks, 
assisted by one Dorr thickener. There are six of these settling tanks, 
three of which are 14X15 ft. and three 13.3 X9 ft. The Dorr thickener is 
19.5X13.5 ft., and is arranged to make one revolution in 3 min. 50 sec. 
The slime is thus dewatered, leaving ”a pulp having specific gravity of 
about 1.3 and a dilution of 2 :1, approximately. 

In a system of this sort, where an appreciable amount of water is taken 
into the cyaniding system, it is evident that it will have to be discarded 
at some point. This introduces a condition somewhat difficult to handle 
and it is only where weak solutions are used that it is practicable. At the 
Central mill weak solutions are used in slime treatment and for leaching 
the sand. With sand treatment by leaching it is possible to reduce the 
incoming moisture to about the same quantity discharged with the tail¬ 
ings, so that in this department there is little or no accumulation of sur¬ 
plus solutions. This can be accomplished with slime also, but is an expen¬ 
sive process, in fact it was tried at the Central mill at one time but it 
was soon found to be more economical to waste a selected, precipitated 
solution, with its cyanide content reduced to the lowest possible point, 
than to undertake the expense of more complete dewatering. 

Slime Treatment System. —The partially dewatered slime is recovered 
in a stock tank, from which it is taken to the agitation department and 
the necessary cyanide added to bring up the strength to the treatment 
standard of 0.035% KCN. The slime, with its added cyanide and solu¬ 
tion, goes then to the treatment tanks. 

The tanks used for agitation are 8 ft. diameter and 18 ft. deep and 
have cone bottoms of 60® inclination. The agitation is by means of a 
central lift pipe. It will be noted that these tanks are practically Pachuca 
tanks, except that the lift pipe docs not reach the surface of the pulp, a 
feature which has been adopted with some advantage in a few Pachuca 
installations. Air is used for operating the lifts. It is of interest to note 
that these tanks are said to have been installed and in use before the 
Pachuca type, as such, came into existence. 

The agitation of the slime pulp is continuous through the three 
agitators, the time of passage being calculated at approximately 14 hours. 

Continuous Filter System. —The pulp from the agitators is collected 
in two settlers, used alternately, each 8X13 ft., equipped with cone bot¬ 
toms. Settling and decantation proceed simultaneously, the thickened 
pulp meanwhile being drawn off for filtration. In about eight hours, one 
settler is filtered so that the overflow is not clear, when the pulp is trans¬ 
ferred to the other settler, the first one being allowed to settle, the solution 
decanted, and the thickened underflow drawn off as it settles. 
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Ore from Mine 


Woier Waste or 
Au^JiaryUse 

§1 

P-5 

■§E 



Rough-ore Bin 
Orizzly 

2-9x15' Blake - type Crushers 
8- Disc Feeders 

40 - WOO ib. Stamps - t'Drop-iW 
Drops-50-Mesh Screen, Chuck and 
Lip Amalgamation Plaies 
8 - Outside Amalgamation Plaies 

12 - Dodd Buddies, Pipe Line to 
Cyanide Plant 

I-7x0' Roughing Cone 


"5-5x5 Hydraulic Classifying 
Cones 

6-22'-5"x 1-5”Leaching Tanks 
^ - Butters Distributors 

'--xxnnr Dump 


6- Settling Cones 


Slime Stock Tank 9-6"x 10' 

3-Q'x 18'Air Agitation Tanks, OO'" 
Cone hottoms,continuous Flow 

Z-B'xI 2'Settlers, alternate Use 

l-loixT^ on ver Fi Iters 


Tube line Crinderand 
Feeder 

Sump Tanks 


Barren ^ 

Solution U--- 


2 -56 '■ 6 Frame Merrill Precipitate 
Presses 

• Precipitate 


Oil-fired 


S ta tionary Furnaces 


ENG- Min,JOUI^na,i. 


Bullion 


FLOW SHEET OP CENTRAL MILL. 











THE MILLS OF GRASS VALLEY, CALIFORNIA 


183 


The thickened pulp is taken to the filters, this installation consisting of 
two lOJ X7-ft. Oliver continuous revolving machines. It was at this mill 
that the Oliver filter was conceived and developed and the two machines 
now in use are the first of their type to be built. 

The tailing is sluiced away from the filter and run to waste. About 
60 tons of slime daily are treated on the two filters. 

The Merrill system of precipitation is used. Zinc dust added to the 
pregnant solution is pumped through two Merrill presses, each of which 
contains eight frames, the frames being the 36-in. triangular type. These 
presses originally had the solution discharge at the bottom of the frame, 
but pipes have been fitted to the discharges and carried above the level of 
the frames so that the press always remains full even in case of cessation of 
operations of the plant. The frames thus kept full of solution prevents 
oxidation of the zinc consequent upon an empty frame and resulting con¬ 
tact of air with the zinc. All solutions to be precipitated are first used as 
washes on the sand-leaching tanks, enriching the solutions and effectually 
clarifying them. The precipitate is melted in stationary, oil-fired fur¬ 
naces without any preliminary treatment whatever. A small tube mill is 
used for emulsifying the zinc dust with solution before its addition to the 
solution to be precipitated, and a mechanical feeder introduces the zinc 
into the tube mill. 

Concentrate Treatment.—The concentrate treatment is unusual and 
worthy of particular note. The two mills of the company make six to 
seven tons of concentrate daily, all of which is treated at the Central mill. 
It is brought to the mill in cars and is dumped into a concentrate bin, 
being meanwhile mixed with lime at the rate of about nine pounds per 
ton. From this bin the concentrate is mechanically fed into a tube mill of 
the Abb6 type. The mill is 4.5 ft. in diameter and 20 ft. long and revolves 
at 19 r.p.m. The concentrate is reground in this mill, and issuing, it is 
classified in a cone classifier. The fine overflow all goes over an amalga¬ 
mating plate and the underflow is returned to the tube mill, forming a 
closed circuit from which there is no exit save through the overflow of the 
reclassifying cone. All of the reground concentrate pulp, after having 
passed this regrinding and amalgamating system, is taken directly to the 
large roughing cone, before mentioned, at the head of the cyanide plant, 
where it enters treatment along with the bulk of the ore. 

Thus the concentrate, after having been removed from the pulp, is 
ground, amalgamated, and returned to it and undergoes exactly the same 
treatment as the siliceous part of the ore. This treatment is said to be 
altogether satisfactory, the regrinding being sufficient to liberate most 
of the contained gold, a part of which is recovered on the plate and the 
remainder in the cyanide treatment. The portion which goes to the 
cyanide plant is amenable to the short-time and weak solutions used there. 



184 


DETAILS OF CYANIDE PRACTICE 


The explanation, of course, is that the gold is only mechanically com¬ 
bined with the sulphides and is liberated by the additional grinding. 
In the case of chemical combinations other means would be necessary for 
its satisfactory extraction. 

This is a good illustration of the utility of experimental work, for it has 
here fitted an inexpensive process to a material which needs nothing else. 
A separate treatment, such as is usually considered necessary with sul¬ 
phides, might have been considered necessary in this case and an expensive 
plant and treatment system might have been installed had not thorough 
experiment shown the exact requirements of the material. 

The concentrate varies in value from $30 to 180 per ton and the ex¬ 
traction is about as complete as with the siliceous portion of the ore. As 
has already been said, the mill head averages $10 to $12 per ton, and the 
head of the cyanide plant averages about $2 per ton, before the concen¬ 
trate is added. The total extraction obtained from mill and cyanide 
plant approaches 98%. In the cyanide plant alone, about 94% of the 
gold in slime is recovered and 85 to 90% of that in the sand. The tailing 
contains on the average about $0.20 in gold value. 

Consumption of Material and Cost.—The consumption of cyanide is 
0.61 lb. per ton milled; of zinc, 0.216 lb. per ton; of lime, 4.21 lb. per ton, 
and of pebbles, 4.5 lb. per ton of sulphides ground. 

The cost of treatment is given in the accompanying table. 



Milling 

Concentration 

Cyaniding 

Labor. 

Material. 

Power. 

SO.176 
0.075 
0.129 

$0,087 

0.017 

0.027 

$0,166 

0.186 

0.116 

Total. 

$0,380 

$0,131 

$0,468 

Milling. 


$0,380 


Concentration. 


0.131 


Cyanidation. 


0.468 


Total. 


$0,979 



The Empire Mill.—The Empire mill is also near the town of Grass 
Valley. The mine and mill are close together, although as in the case 
of the Central, the milling and cyanide departments arc in separate 
buildings. 

The ore at the Empire mill is like that at the North Star, a free-milling 
quartz containing sulphides. The mill is similar, and in fact, the treat¬ 
ment is almost identical, so that it will not be necessary to make a detailed 
study of that practice, but attention will only be called to the few points 
of difference. 

The Empire mill contains 40 stamps of 1050 lb. each and amalgama¬ 
tion is practised both inside and outside the mortars. The quantity of 
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ore milled is from 140 to 150 tons per day, about the same as the North 
Star mills. Concentration is practised as is the case at the other mills. 

The mill pulp flows through a pipe line to the cyanide plant, where 
it is received in two roughing cones, the slime overflowing and going di¬ 
rectly to settlers and the underflow passing for further classification to 
four hydraulic classifying cones, which make the final separation into 
sand and slime. 



EMPIRE MILL. 



EMPIRE CYANIDE PLANT. 

GRASS VALLEY, CALIF. 

The sand is taken directly to the leaching tanks and is delivered into 
them by means of Butters distributors. A feature of the practice both at 
the Empire and Central mills is that the Butters distributors are used 
both in filling the tanks and also in sluicing out the residue. For sluicing 
out the sand, water is admitted through the distributor, the bottom gate 

13 
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opened, and sluicing proceeds automatically. The filter bottom of the 
tank is made slightly inclined, in order to facilitate the discharge. The 
sand tanks are 14 ft. by 9 ft. 4 in., and contain approximately 155 tons. 
The treatment occupies six days and the strong solution is 0.10% KCN, 
as in the case of the Central mill. 

Settling Area.—The slime from the classifiers is taken to the settlers. 
There are four of these, each 24 ft. in diameter and 22 ft. deep, with cone 
bottoms. The pulp is distributed among them as conditions dictate. 
This settling capacity seems extensive for the quantity of slime handled, 
about 65 to 70 tons daily, but it is stated that the settling, even with this 
great capacity, is accomplished only with great difficulty. A large quan¬ 
tity of lime is added to assist settlement, most of this lime being lost in the 
overflow water, which is either run to waste or used in auxiliary opera¬ 
tions about the plant, there being none returned for further use in milling. 

It is an object to draw the slime from these settlers with as little mois¬ 
ture as possible, the dilution usually being about 1:1. As the thickened 
pulp reaches the agitation department it is diluted to about 2:1 with 
fresh solution and is made up to 0.04% cyanide strength. 

The agitation is continuous through four tanks of the Pachuca type, 
each 10X18 ft. The cyanide strength is made up in the flrst and last 
tanks of the series and a low protective alkalinity maintained. There is 
no thickening or washing of the pulp after agitation except that given in 
the filters, to which the pulp is taken directly from the agitation tanks. 
The filter installation consists of two Oliver machines of the 8-ft. size. 

As at the Central mill, all solutions to be precipitated are first 
used as washes on the sand tanks in order to clarify them. The Merrill 
system of zinc-dust precipitation is usedj and there are two triangular 
frame presses, 36-in. frames, having nine and ten frames respectively. 
These presses have pipe connections for the solution outlets which deliver 
above the level of the top of the frames. The precipitate is acid treated 
and melted. 

The concentrate treated, about four tons daily (part of which is pur¬ 
chased), is reground in a 4X8-ft. Allis-Chalmers tube mill, run over plates 
and classified at the cyanide plant in a separate cone, the overflow of 
which joins the stream of slime to the settlers and the underflow, the 
product going to the sand-leaching tanks. This separate classification is 
the only detail in which the concentrate treatment differs from that in 
use at the Central mill. 

The general arrangement at the Empire mill is somewhat less com¬ 
plicated, as it is understood that the mill stands exactly as designed and 
the necessity for inconvenient remodeling has been avoided. 

The Grass Valley properties present mining in its most attractive form. 
Situated in a fertile agricultural district, free from climatic extremes and 
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surrounded by luxuriant vegetation, the aspect differs widely from the 
usual mining camp. The district is old, the first discovery was in 1850, 
and proven, so that makeshifts and cheap construction have long since 
given place to substantial installations, an artistic eye having evidently- 
been concerned in the general plans. This is especially true at the Empire 
where stone buildings and pleasant foliage give an appearance more like 
that generally presented by well designed and permanent habitations than, 
mining camps. Those concerned in the operation of these mines are 
fortunate indeed in their habitation. 



CHAPTER XVII 


THE BLACK OAK PLANT, CALIFORNIA 

Near the town of Soulsbyville, in Tuolumne County, C-alif., is situated 
the plant of the Black Oak Development Co., said to be the only mill at 
the present in the State of California which employs the total-sliming, 
continuous-agitation process of treatment. The property is in an agree¬ 
able district where climatic conditions arc good and the natural surround¬ 
ings pleasant. 

Ore Character.—The plant is near the town of Tuolumne, the terminus 
of the branch line railroad by means of which the district is reached, from 
Stockton, via Oakdale. 

Gold and silver both occur in the ore of the Black Oak minci, and the 
proportion is 2 or 3 parts of silver, by weight, to one of gold. In this 
proportion the gold is, of course, by far the most im])ortant factor to be 
considered in the metallurgy of the ore, but, as will ho mentioned later, 
the silver is in sufficient quantity to make advisable' a sjx^cial effort to 
recover a goodly proportion of it. 

Most of the valuable metal is in quartz which occurs in agranite-diorite 
country rock, and sulphides contain the greater part of the silver and gold. 
As often happens in California ores, this gold does not seem to be chemi¬ 
cally combined with the sulphides, but only mecdianically, so that fine 
grinding liberates the greater part of it. The silv(U' is, of (;ours(\ largely in 
combination as sulphide, in which condition it is anumabh^ to cyanidation 
after having been subjected to fine grinding. 

Comparison with Other Ores.—It is noteworthy that the oro deposits 
of the Black Oak mine, and of the surrounding distried; similar in a general 
way to the mineral already described at (trass Vall(\y, are said to be similar 
to the majority of ores in the mines on the Motluu Lode, and identical 
with some of them. If this is true, the cpiestion imnuHliatcdy is suggested 
as to why the other Mother Lode mines, or at least sonu^ of them, do not 
make use of cyanidation, a process which has domonstratc'd its (vfficiency 
and economy on similar material. Mother Lode ores are still being 
beneficiated by old methods, amalgamation and concemtration. While 
both of these systems are simple and cheap, it is undemiabU^ that neither of 
them approaches cyanidation in the amount of recovery from simple ores. 
Some have informed me that Mother Lode ores ar(^ not tr('atable by cyani- 
da i n. while others have assured me quite as ('mphaticuillv that t ev are. 
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BLACK OAK MILL, SOULSBYVILLE, CALIF. 
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DKiwiLv^ i)v (’\ A\n)i': ntA(’'ri('K 


In view of rcsuii-s at Black Oak and (trass \kallt‘y, 1 kc [)r(‘})oa(j 0 j.. 

ance of (‘vidoiKto would scaan to h(‘ in favor of t lu^ hdita* stalcaucait. Per¬ 
haps the (‘Xjxa'uaico of tlH‘S(‘ two (*a.nips will h(M)f valucOo those opera¬ 
tors on th(^ INIotlua- Lod<‘ who desire^ to iiuTcaasc' th(‘ ihhci(aicv of their 
installati<uis. 

The Crushing System. On^ from the mine is first. d(‘liv(M’(al to the mill 
bin which has a <‘a,pa(rity of about ISo tons, horn' (dialhaigc^ tV.eders 
deliver it into thc^ morta,rs(d*a. 2 (Kstump crushing plant, (‘n(‘h stamp weigh¬ 
ing 1250 lb. and dropping 102 iim(‘s p(‘r mitiut 4 ‘ through h in. Mortars 
arc of the narrow pat bam d(‘sigmal for rapid <amshing. Thrca' of tluanare 
(‘quipped with ton~(’ap scaaaais having 19 apta*tun‘s pea- inch, and the re¬ 
maining mortar has a, b-m(‘slu stpiart' aptai urc senam. This coarst^ sc^reen 
adds sufliciimt granular matcTial to incr(‘ast‘ t luMd!i(‘i(m{*y of subsc‘(|uent 
lub(i mill work. Many of tin* laaamtly coiistrucf f*d mills an* adopting the 
system of varicnl baxl for tula* mills and tin' r«*.sults thus far septan to have 
amply justificnl the* practice*. 

The Bhudv Oak mill was (jrigiually a dd-sfamp plant., (amtaining the 
old-style*, stamps of light w(*iglit. but it has been c*ntir(*ly rc»built with new 
and appropriate* nuudunery. IdcTe is still room for Id stamps umha the 
pre^sent room, in facd 2 d cjf tin* original stamps are still tluas* in a more or 
less dismantl(Hl (amditiou. With further mim* dt*veh)pment all available 
space* may b(i r<‘({uir(*d. 

Classifying and Regrinding. Pulp from flu* stumps flows l>y gravity 
to a Dorr eJassifier (>{ tlu^ usual typ(‘ in wlii(*!i tlie slime is sc'parabnl and 
tak(m dircudly to tr(*attm*ut a-iid tlte sand is deliveTtai to a tube mill 
for furthca' grinding. This tube mill is Ax IH ft. and is of tint type made 
by the Bower & Mining Maeltinery ( he ft is operated at 29 r.p.m. and 
re(|uirc\s 48 lip. to kt*(‘p it moving. Imporltnl pebbles an* used, th(^ (?on- 
Humption of whhdi is o lb. pf*r ton of on* enished. T!n» liardm*sH of the 
on* is att(^st(‘d by this tamsumption of pebbles whieli is (‘xtriiordinarily 
high. 

(Jround produet from the fubt* mill is returned to tlie elasHifier by 
nmauH of a Imcket t*levatoi\ thus forming ii eloHial einnitt. tin* only (*xit 
from wliieli is the slime in eondition for ugitiif ion treatment. 

Upon its exit from tin* daHHitn*r. flu* slime pronasls to a H)X20-ft 
Dorr thickener, wlu‘re a portion of the solution is deeaitted and a thiok- 
(miul pulp delivertsl of propia* cimMistemn bir thesiibse(|Utmt c\umidation. 

Agitation of the Slime* Slinu* treatment is perforin(*d in fimkH of the 
Jhtcluma type of whieh tlien* an* t!in*e. lairli IdXdd ft. Passage of the 
pulp is camtinuoUH through these tanks and dnrtng tin* tine* of agitation 
the c*xtraction of tin* eoiitidin*d gold is pnirfieully eoinplete. 

The Dorr tliic*k«mt*r, which prepan*^ the pulp for t!ie iigitation tankB; 
dcdivm'H a pulp in whhdt the proportion of slime to solution isaliout l:l|. 
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The thickener is operated at about one revolution in six minutes, and in 
common with these machines, requires an extremely small expenditure of 
power. 



lS5-Ton Ore Bin 

4-ChaUenge feeders 

20 -1250 Ih. Sfcamps, narrow 
Mortars, 102 Proper 6"drop 

l~ Duplex Dorr Classifier 

I-5x18' Tube Mill,26 R.p.m. 
Bucket Elevater 

I~l0x20'Dorr Thickener 


'6-10x50 Pachuca-Type Agitators 
(Continuous System^ 


1-10x20 Dorr Thickener 


1-12' Oliver FIIte r 


I 31 ime Residue 


Solution Collecting Tank 

2-56 frame,24"Clanfying Presses 
Pregnant Solution Tank 
Zinc Feeder 


1-16 Frame, 52"Merrill Precipitation 

Press 




Solution Sump 
I y I Dryincf Pan 
Q Oil Fired Tilting Furnace 
Y 

Bullion 

FLOW SHEET OF BLACK OAK MILL. 


The material agitated is true slime, or colloid, only in small proportion, 
the maj or part consisting of extremely fine granular matter. About 78 % 
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of it is suOicieutly iiw to pass a 2(K)-ii[U^sh scaaaai, while 98 to 99% will 
pass a 150-mesh aperture. Pipe eoniUH‘tions for t lu^ aotitiuuous passage 
of the y)ulp are 4 in. iu diauuhta*. 

Continuous Filtration.- Issuing; from tlie ag:it.a,tiou t.r(‘a,tmeiit in the 
Paehuca tanks, the pulp is rtMurivtal iu a- s(h*ou(1 Dorr t iru^kcauu*, identical 
ill its dimensions wit h the one first. mcaitioiUML Just. b(‘for(‘ laaiehing this 
thickener, the pulp is dilupHl with tlu^ ovia'tiow i)roduct of the first 
thickener and tlu^ mixture thicktuusl to a. point wluTt^ tlu^ underflow of 
pulp issuing contains solution a,nd solid in a. I: I [)roportion. 

This thi(tk(uied pulp is d(4iv(u-ed to a. 12-ft. Oliviu' (Continuous filter. 
The slinuc rccsidue is dtnvatiaaMl and discca.rd(Hl and tlu^ solution, together 
with the overflow from t he final Dorr thi(‘k(uua’, isgathertal in a (‘olleccting 
tank from whuch it is tak(ui to th(‘ pr(H‘ipit.a.tion syskan. 

For pr(Mcipitatiou tluc M(Trill sys((an, usitig zinc dust, is followcal. A 
sp(Tial ziiuc-dust lV(‘d(T drops tlicc pnsapitant into tine straaim of pregnant 
solution going from the tank to tiuTsinhion of th(‘ pump, and the mixture 
Lsfor(Hul through a4t)-fram(‘ filt<*r pr(*ssof tin* M(‘rrill type^ d'hce frames of 
this prccss ar(‘ 52 in. a<Toss tIn^ top and arte triangular in sha>p(‘ as is usual. 

Solution, aft(a* piaaapitation, is r(‘(a‘ived in a sump from whi(‘h it is 
pumpcal up to tli(‘ solution storage* tank hu* furth(*r ust^ in tin* mill, 

Pr(c(‘ipitati* from tin* pr(‘ss is partially dri(‘d in a drying pan, tluxeed and 
m(‘lt(*d iu a tilting, oil-(ir(*d furnaet*. 'Kin* n(*(‘ompa.nying tlow»sln‘(d. dia¬ 
gram illustrat(‘s tin* m(*tallurgieal pnn-ess followt‘d in tin* mill and the 
primdpai nun‘hhn‘ry iustalh*d. 

Character of the Dry Slime. Hn* Black Oak on* is hard, as has 
alr(*ady lunni m(*nt.ion(*d, and r(*ma.ins larg(*ly in tin* granular static even 
after (coutinu(*d grinding. Tin* specific gravity nf tin* <iry slinn* in the 
condition in whi(*h it is suhjt*(‘tcil t<» agitation trt*atmi*nt.. is about 2.8, a 
figure which is railn*r high in enunparison uith ordinary silic(‘ous slimes, 
which g(‘n(*rally contain a gr(*at«*r prop(>J‘ti<m of colhnd mat t(‘r. 

Tin* mill will tn‘nt about ICHI tons p(*r tlay n( 21 Iiours, Init at present 
the ra4(* of (‘rushing is m‘ar 85 tons daily. A V(‘rng«* run of on* will contain 
a comI)in(‘d gold and silv(*r vahn* of 815 per t(m ifi the proportiems which 
hav(* alr(‘ady lH*(‘n m(*ntioin‘d. 

Of tin* gold, 97D" is usually evtraOed witliouf dit!i(’ultv, and about 
921’(. of tin* silv<*r. 'rr(*atnn*nl sohif ions contain KOX and 9,15% 

(5iO. Linn* is added at tin* batteries and in tin* agitators. Litharges is 
us(*d as a sourc(* of h*ad for ri*moving M»!tibh* >iilphidcs frmii soluliem and 
is add(*d at tin* tula* mill in order to fat*ilitate solutitm. 

Chemical Consumption. 44ic consimiptimi of chcmicais ami supplies 
is low, as is usual when tr(*ating ait ore ufn^si* vnhie is lnrgi*ly in its gold 
eoni(*nt. The (‘vanide ecm*-iimpti(m III lb. per ton; of litharge*, 0.551b.; 
of lime, 5 lb.; of z\m% I lb,, and of pt*bbli*s. 5 !b. per Ion. 
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table of costs at the black oak mill, calif., based on millinq 
^ 2202.5 tons 


Supplies 

Rock crusher. 

Batteries. 

Tube milling. 

Tube-mill liners. 

Classification. 

Refining. 

Repairs. 

Office and general superintendent 

Assaying. 

Marketing bullion: 

Control. $10.45 

Treatment. . . 167.38 

Express. 25.25. 

Cyanide. 

Lime. 

Litharge. 

Zinc. 

Pebbles... 


Per Ton 

$0.0121 

0.0158 

0.0349 

0.0266 

0.0039 

0.0195 

0.0131 

0.0042 

0.0241 


0.0922 

0.2018 

0.0111 

0.0507 

0.0970 

0.0780 $0.6850 


Power and lights 
Insurance. 


$0.3500 

0.0200 


Labor 

Rock .. 

Tramming. 

Batteries. 

Tube milling. 

Classification. 

Agitation. 

Thickening. 

Pumping and elevating... 

Filtration. 

Clarification. 

Precipitation. 

Refining. 

Repairs.^. 

Office and general superintendent 

Mill superintendent... 

Power and light. 

Assaying. 


$0.0453 

0.0844 

0.0968 

0.0184 

0.0192 

0.0223 

0.0223 

0.0244 

0.0246 

0.0224 

0.0236 

0.0305 

0.0523 

0.0715 

0.0681 

0.0165 

0.0315 


$0.6741 


Total mill costs. 


$1.7291 


Seven men, excluding the superintendent, 
tion and 130 hp. is the average consumption of energy for moving 
machinery. While the mill is small and handles only a limited q^^^^tity 
of ore, costs have been reduced to an extremely reasonable figure as 
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shown by the accompanying tabulated list of items. During the two 
months following that in which this report was made, a general reduction 
of costs has been accomplished, the total being reduced to about $1.61 
per ton. The operators are fortunate in having an ample supply of water 
and conditions generally favorableTor successful operation. 



CHAPTER XVIII 

THE GOLD ROAD MILL, ARIZONA 

T he mill of the Gold Road Mines Co. is situated at Gold Road, about 
20 miles from the town of Kingman in western Arizona. Railroad com¬ 
munication is established at Kingman and connection with the mine is by 
wagon road over which freight is hauled by horses, and passengers by 
automobile stage. The region is arid, water is scarce and has to be con¬ 
served with care. 

Local ores have gold as the principal valuable constituent, the metal 
being finely divided and distributed through a gangue consisting of quartz 



GOLD ROAD MILL, GOLD ROAD, ARIZ. LOOKING TOWARD THE CRUSHING PLANT. 

and some calcite in a country of andesitic rock. There is no great quan¬ 
tity of sulphides, the gold being free and principally fine. On account of 
the fineness and wide distribution of the gold, a rather high degree of 
crushing is required and the total-sliming process is followed. 

The mill is not an original construction, but rather a development, the 
remnants of machinery used in various processes, now relinquished, remain 
as reminders of the older systems of metallurgy.. This changing of sys- 
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deal of territory; a fact which may be seen by a study of the accompany¬ 
ing engravings. Notwithstanding this circumstance; a plant of ex¬ 
ceedingly good metallurgical performance is now in operation, the details 
of which are explained in this paper. 

Preliminary Breaking.—Installed at the mine is a No. 5 Gates gyratory 
crusher where the ore receives its preliminary breaking. From the 
crusher it is trammed to the mill, where it is delivered into a 1540-ton bin 
which supplies the mill as required. During the preliminary breaking at 
the mine, the required portion of lime is added to the ore so that by the 
time the material has passed through the bin and entered the stamp-crush- 



GOLD ROAD MILL, GOLD ROAD, ARIZ. UPPER SIDE VIEW. 

ing department, the lime has performed a great deal of its essential work, 
neutralizing the developed acidity and becoming more or less slaked and 
ready to offset the acids which may be formed later in the course of its 
treatment. This method of lime addition is advocated by many operators 
because of the advantages enumerated above, and further, because the 
lump form is progressively crushed as is the ore, and develops alkaline 
conditions, when the addition is at the appropriate rate, just as the ore 
develops acidity. Others advocate the powdered form of lime, sometimes 
previously slaked, and make additions at the point and time when acidity 
develops. No doubt a greater percentage of CaO can be dissolved by 
careful slaking under favorable conditions, but whether the highest ulti¬ 
mate economy and efficiency are reached by so doing, is a question which 
will have to be solved for every problem after consideration of all the 
conditions. 
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Crushing and Grinding.—From the bin, Challenge feeders deliver 
the ore into a battery of forty 1050-lb. stamps, making 104 drops per min. 
through 7 in. The stamp crushing is done in solution. Screens of 4- 
mesh are used on the batteries, the stamp duty being about nine tons per 
stamp per day, or a total of 360 tons daily for the mill. 

Pulp from the stamps is led to two distributing cones, one 4 ft. and 
one 6 ft. in diameter, from which it goes to six duplex Dorr classifiers, 
where the overflow slime is removed and the sand dewatered and delivered 
to the tube mills for regrinding. 

There are four tube mills, each 5X22 ft, used in closed circuit with 
the classifiers, the delivery from the tube mills being elevated with 10 X 54- 
in. Frenier pumps and returned to the classifiers where any sand not 
sufficiently fine for treatment by agitation, is removed and returned to the 
tube mill for further grinding. El Oro linings are used in these mills and 
arc said to be entirely satisfactoi*y, each lining lasting a year before it is 
replaced. Imported pebbles are used in the mills, the consumption being 
4 lb. per ton crushed. 

It has been practically found unnecessary to grind this ore through 
a 200-mesh screen, the product passing a 100-mesh screen giving as good 
extraction results. In practice, the pulp delivered to the agitation treat¬ 
ment contains about 86 to 87% which will pass a 150-mesh screen. The 
specific gravity of the dry slime has been determined and is stated to 
be 2.63, a figure denoting about medium weight. 

Thickening and Agitation.—The entire pulp from the grinding system 
is received in two 30X10-ft. Dorr thickeners, the overflow solution going 
to clarifying tanks and the underflow of thickened pulp being taken to the 
agitation system. This agitation installation consists of three 17 X44-ft. 
Pachuca tanks which were used in series, but, having found that so long 
a time for agitation was not necessary to secure highest extraction, this, 
together with the inherent inconveniences of this kind of tank, resulted 
in cutting out two of them and the using of only one. 

With the pulp of the grade and character customary at Gold Road, it is 
somewhat difficult to prevent settling of a portion on the solids, and in such 
cases the Pachuca tank has often been found unsatisfactory. Here the 
settlement became so great that the time of agitation was reduced to 
practically nothing. It is stated that the settlement was so hard and solid 
that one could step over the edge into the tank and walk about, keeping 
away from the center, without any inconvenience. 

Thickened pulp, that coming from the thickeners into the agitation 
department, has the dilution ratio of about 1 to 1, and retains this con¬ 
sistency until after finishing the agitation treatment. Contact between 
the ore and cyanide solution was 36 to 48 hr. in the mill, counting from its 
first pulping at the cones, to its discharge. Owing to a change in the 
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delivered to a series of thickeners where the pulp is successively dewatered 
and rediluted, thus washing out the dissolved metal in the pulp. 

This treatment is not that which has been generally followed at the 
Gold Road mill. The former method, followed until a few months ago, 
involved delivering the slime from the agitation system into a slime-storage 
tank whence it was taken by a 120-leaf Butters filter installation and 
handled in the usual way. After the cake had been dropped from the 
filter leaves, it was mixed thoroughly in a tank containing mechanical 
agitators and discharged by gravity after passing an automatic mechanical 
sampler. 

For many reasons, this system has been dispensed with and the pulp 
from the agitation system is delivered to two thickeners. 

Filtration vs. Decantation.—The solution overflow from these thick¬ 
eners is pumped back to the head of the mill and used as mill solution, 
while the thickened underflow goes to two more thickeners, before reach¬ 
ing which, however, it is diluted with solution previously precipitated. 
The solution overflow from this second pair of thickeners is sent back to 
dilute the pulp entering the first pair of thickeners. This solution, over¬ 
flowing from the first pair of thickeners, does not require immediate pre¬ 
cipitation as it consists largely of precipitated solution as has been shown. 
The first solution for precipitation is taken from the overflow of the Dorr 
thickener, through which the pulp passes before reaching the agitation 
system in the Pachuca tanks. 

Second Thickening System.—As a final result, then, the pulp from the 
agitation system going into the first thickening unit, consisting of two 
pairs of thickeners, issues from it in form of a thick pulp of about the same 
consistency at which it entered, having been meantime diluted with 
barren solution, and twice thickened. The barren solution has passed 
through the pulp, diluted the metal-bearing solution, and carried most of 
its value to the mill solution circulation. From this circulation a great 
proportion of the solution passes to precipitation from the first Dorr 
thickener, which follows the tube mills, avoiding any extensive building 
up of value in solution. 

Underflowing from the first thickening system, the thick pulp goes to a 
second system, which consists of three pairs of thickening tanks. In this 
unit the pulp is repeatedly thickened and washed ,water in this case being 
the washing medium. The counter-current system is followed, water 
entering at the final thickener and progressing backward to the first of the 
series, the solids taking the opposite direction. 

There is provided a separate precipitation circuit to accompany this 
washing unit, with facilities for diverting the solution either into the mill- 
solution circuit, before precipitation, or into the washing circuit itself 
after precipitation. The precipitate joins the bulk of that from the main 
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precipitation system, which is carried to the refining department. The 
movement of pulp and solution is graphically shown in the accompanying 
flow sheet. 

Preference for Decantation. —Undoubtedly, the adoption of this 

system will be regarded with interest by everyone connected with the 
process. Not merely is it interesting as an example of continuous coun¬ 
ter-current decantation, noteworthy as it is from that point of view, but 
more particularly because that system has supplanted a large, modern, 
vacuum-filter installation with results, according to statement of the 
operators, better than those obtained under former method of operation. 

There is food for considerable serious thought in this change, but there 
is danger of falling into popular form of error, and regarding the procedure 
as a reversion to a system already discarded, or, in other words, a step 
backward. A little thought, however, will make clear the fact that it is 
nothing of the kind, but rather a refinement of an earlier process, than 
which no change can be more progressive. It is clear to the most casual 
observer that the system used at the Gold Hoad mill is not applicable to 
all mills, although it may, as in the present instance, be applied occasion¬ 
ally with favorable results both as to percent of recovery and cost of 
operation. It is applicable in its present form only where solutions carry¬ 
ing low cyanide percentages can be used and where the amount of metal 
in solution is comparatively small, conditions which are manifestly present 
when low or medium-grade gold ores are treated. Where high-grade 
solutions are used, it would be impossible to use the system in this form 
because a large loss of cyanide would be entailed, but by following up 
the decantation with a form of continuous filtration which would reduce 
the moisture content of the residue to about 25%, the system is not only 
feasible, but advantageous. To steer clear of generalities is necessary for 
the intelligent consideration of any innovation, so that in estimating the 
value of this one, it must not be considered revolutionary nor reactionary, 
nor anything more than a simple, clear application of a newly developed 
system to a particular case. 

Precipitation by Zinc Dust.—Solutions of both circuits are precipi¬ 
tated with zinc dust, the special feeders and presses being provided in each 
case, as is shown in the flowsheet. Square-frame presses are used, and not 
the triangular form usually found in Merrill installations. A variation of 
the general filter-press practice is the use of three filter coverings for each 
plate. The layer next the cake of precipitate is of filter paper, the inter¬ 
mediate one of light muslin, and the outer one of the usual canvas. The 
paper is removed and burned with each precipitate cake, the intermediate 
sheet lasts for several clean-ups, while the canvas, by careful cleaning, is 
made to last indefinitely. 

The method of adding zinc dust to the solution is the Bosqui system^ 
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CHAPTER XIX. 


TWO ARIZONA MILLS 

The property of the Tom Reed Gold Mines Co. is situated in the 
western part of the state of Arizona, not far from the California line. The 
village of Oatman, which consists principally of the officers and employees 
of the Tom Reed Co., is not reached by the railroad, but communication 
is established at Kingman, about 20 miles distant. With Kingman, 



OENEEAL VIEW OF TOM REED MILL, OATMAN, AlUZ. 

transportation is by means of automobile stage for passengers; machinery 
and supplies are brought in on wagons and occasionally pack animals. 

The situation is in a rocky, desert country, comparatively isolated, the 
nearest activity being at the Gold Road mine of the U. S. Smelting, Re¬ 
fining & Mining Co., about miles distant. Aside from this large mine, 
there is nothing within a much greater distance. Water is scarce and its 
use has to be governed by great economy. The name of the company is 
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Character of the Ore.—Gold is the principal valuable metal in the ore, 
and it occurs generally free in quartz and, to a smaller extent in calcite. 
The ore is not particularly hard, but requires fairly fine grinding to free 
the gold and expose it to the action of cyanide solutions. 

From $15 to $25 per ton is the general variation in the value of the ore 
treated in the mill and the average for several months at a time has been 
near the higher figure. While there is a small amount of silver occurring 
with the gold, it is not significant and no effort to save it would be worth 
while. At present the mill treats about 150 tons daily of dry ore, crush¬ 
ing with stamps and regrinding with tube mills. The total-sliming system 



FILTER PLANT DISCHARGE AT TOM REED MILL. 

of cyanidation is followed, crushing in cyanide solution containing 2 lb. 
KCN per ton. At the point where it is ready for the agitation treatment, 
the solids in the pulp will average about 70% through a 200-mesh screen 
and remaining on 100 mesh the quantity is about 1 to 2%, the whole 
making a product not particularly difficult to agitate. 

Character of Material. While pulp of this class may be difficult to 
agitate in those cases when it is largely heavy, granular and devoid of 
colloid constituent, the governing factor is usually, or ought to bo, the 
fineness necessary to liberate the economically maximum amount of gold. 
The question of fine grinding has prompted vigorous partisanship for or 
against it by those metallurgists who believe strongly iu extremes of fine 
grinding or no regrinding at all. Some maintain that extremely fine 
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grinding is wasteful and costly, and that if the grinding is not carried to 
extremes, agitation of the entire pulp is unnecessary and extravagant. 
Certainly there are several factors which must be given consideration. 
Primarily, of course, the cost of fine grinding must be weighed against the 
additional income furnished by it, and, to be truly profitable, this 
increased income must be sufficient to cover the cost of regrinding, interest 
and depreciation on the grinding plant, and leave a profit in addition. 
Even this comparison alone, however, is not sufficiemt to justify a proper 
decision. Part of the material reduced to the so-called state of slime is 
likely to be granular, though fine, and its agitation will cost more than if 
a true slime, or colloid matter, were being handled. This extra cost of 
agitation is not to be ignored in an exhaustive search for definite facts. 

Contrary to what seems to be the general belief a large proportion of 
this fine granular material might be successfully leached provided only 
that it is well cleaned, that is, entirely freed of colloid material. If, 
and when, this granular material is sufficiently fine to liberate the con¬ 
tained metal'and expose it to the action of cyanide solutions, it is more 
than likely that leaching will provide for recovery of an amount equal to 
that which could be obtained by agitation, at much less cost. Leach¬ 
ing will take longer to accomplish the same result, but the cost will be 
less and extraction will be as good in many cases. Also, the installation 
of a leaching plant costs less than that for agitation, and maintenance 
expenses and interest are therefore lower. In calculating the cost of 
leaching plants, however, it should not be forgotten that the separation, 
meaning a definite and clearly marked separation, of fine, granular mater¬ 
ial from a slime pulp is not a simple operation and is likely to cost an 
appreciable sum per ton treated. The most natural deduction is that 
every problem should receive separate study and be solved according to its 
requirements. At the Tom Reed plant, the grinding is carried to a fine 
point where the product is comparatively easy to agitate and gives 
better extraction; hence the total-sliming treatment. 

Stamp-crushing.—At the Tom Reed mine the ore is hoisted and passed 
over a grizzly and through a No. 2 Austin gyratory crusher. Thus pre¬ 
pared, the ore is delivered to a long 16-in. conveyor belt which delivers it 
to the mill bin. From the bin, Challenge feeders supply a battery of 20 
stamps of 1250 lb. each, dropping 105 times per minute through 6 in. 
The materia] is crushed to pass a 12-mesh screen. Crushing is done in 
cyanide solution containing 2 lb. KCN per ton and alkalinity equal to 
about 2 lb. CaO per ton of solution is carried. 

From the stamps the pulp is received in a 6-ft. hydraulic cone, the 
slime overflowing to a circuit which will be described, and the sand going 
directly into the first tube mill. 

Tube-milling and Classification.—Sand, or underflow, from the 6-ft. 
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cone is fed into the first tube mill which is 5X22 ft., and equipped with 
El Oro lining. From this mill the entire pulp is delivered into a Dorr 
duplex classifier, from which the slime overflow joins the overflow from 
the 6-ft. cone first mentioned and the sand is delivered to an S X 54-in. 
Frenier pump, and thence to the second tube mill. This mill is a 
small one, 3|X16 ft., and is also fitted with the El Oro lining, which has 
given good results at this mill. The pebble consumption in these mills is 
4 lb. per ton of ore crushed. This small tube mill delivers its prodiutt into 
another hydraulic cone, this one 5 ft. in diameter, whose overflow com- 
prises the stream of total slime going to the agitation system. Its under¬ 
flow is fed into a second duplex Dorr classifier, the overflow from which 
returns to the cone and overflows from there into the treatmemt circuit, 
while the sand product is taken to the Frenier pump which (devates it, for 
further grinding, into the small tube mill. It will be noted that the 
rather complicated flow of pulp through the grinding and s(‘parating 
machines is merely an exceptionally careful system of se])arating sand and 
slime so that the pulp for agitation may be uniformly and finely reground. 

Agitation of Slime.—A 10X30-ft. Dorr thickener receives the slime 
pulp now prepared for agitation, thickens it to a consistency of about 1:1 
and delivers the thickened product to a battery of four 38 X 10-ft. Ihuthuea 
tanks w’hich are operated in series. During agitation treai.nuuit the 
solution is maintained at 3 lb. KCN per ton and 2 lb. CaO per ton. Duo 
to the character of the ore, the chemical consumption of (yanido is so 
small that it may be disregarded. The total cyanide loss is I lb. per ton of 
ore milled and is almost entirely mechanical. The lime (*()usum}>tion is 
about I lb. per ton of ore treated. 

Discussion of Filtration.—Pulp from the agitation tanks is recarived in 
another 10X30-ft. Dorr thickener which delivers thickened pulp into a 
series of stock tanks which are equipped with mechanical agitators, in 
which the pulp is kept thoroughly mixed until ready for filtration. The 
overflow is returned to dilute the inflow into the first thickener, the solu¬ 
tions being disposed of, as shown in the accompanying flow sheet. A 48- 
leaf filter of the stationary vacuum type, or Butters system, is used for 
filtration, and, although it has proved satisfactory, it will probably be re¬ 
placed by continuous decantation in the near future, experience and experi¬ 
ments having shown that system to be more economical and quite as 
efficient. Tailing from the filtering tanks is discharged by gravity into a 
dam, where the material is skimmed at intervals, as has already been 
described.^ 

Solutions from the filtration plant are precipitated and returned to a 
treatment-solution storage tank, from which the solution for treatment is 
drawn. Any surplus at this point may be returned to the mill-solution 

1 ^'Eng. and Min. Journ./’ Mar. 22, 1913; p. 618. 
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tank at the head of the mill, thus maintaining a solution balance without 
difficulty. 

Precipitation Method.—Zinc shavings have been used for a long time 
for precipitating the gold from cyanide solutions at the lorn Iteed niillj 
but recently the system was changed and the Merrill zinc-dust apparatus 
installed. The system gives entirely satisfactory results, 420 tons of 
solution being precipitated in a plant designed to handle only 300 tons. 
With zinc shavings, the consumption of zinc amounted to 0.25 Ib. per ton 
of ore treated, while with zinc dust only 0.15 Ib. is necessary. 

The mill crushes an average of 150 tons per day, requires 134 hp. for its 
operation, and employs 16 men for its regular control. Pebble consump¬ 
tion in the tube mills amounts to 4 lb. per ton of ore crushed. While 
itemized cost data is not obtainable, the aggregate is $2.50 per ton milled, 
including the depreciation account. Average extraction is 95% of the 
gold in the ore. 



THE VULTURE MILL, WICKENBURG, AltIZ. 

The Vulture MiU.—The property of the Vulture Mines Co. is situated 
about 14 miles southwest of Wickenburg, in central Arizona. The coun¬ 
try is practically desert, and water is scarce. There is no available wood 
for fuel, and, as coal is extremely expensive laid down at the mine, distil¬ 
late and oil are used entirely to furnish motive power. Power for the mill 
is furnished by two 150-hp. Nash engines, which are entirely satisfactory. 

The valuable metal is gold, which occurs in white quartz, together 
with pyrite and small quantities of galena and chalcopyrite, sometimes 
banded and sometimes occurring in masses with the pyrite. The present 
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orebody is one which was discovered in 1911, the vein having been faulted 
and the ore entirely lost. The mine is an old one, having been discovered 
by H. Wickenburgin 1863. Surrounding country rock is dioritic schist, 
no igneous intrusions having any influence on the ore deposition. The 
average milling ore contains gold to the value of approximately $20 per 
ton. Mine ore is trammed a short distance from the working shaft to the 
crusher bins, from which it is fed to a gyratory crusher. The crushed ore, 
which passes a 2-in. ring, drops to a conveyor belt, and is elevated to 
another ore bin. From this the ore is hoisted over a trestle 700 ft. long 
to the mill bins by means of a friction hoist on the mill line shaft. 

Regrinding in Pans.—The stamp installation consists of twenty 1600- 
lb. stamps, dropping 98 times per minute through 6| in., and crushing 
through a 40-mesh round-aperture screen. Chuck blocks are used, and 
the ore is subjected to amalgamation inside the mortars. 

A Dorr duplex classifier follows the stamps, and separates the pulp into 
sand and slime. Solution is used throughout the mill, including the stamp 
crushing department. The slime portion of the ore is elevated to three 
Deister slime concentrators, the tailing from which is taken to a series of 
thickeners. The classified sand is reground in two 5-ft. Wheeler pans, 
which make 42 r.p.m., and each is capable of grinding 35 tons per day, 
85% of which passes a 100-mesh screen. The consumption of iron 
amounts to about one pound per ton of ore treated. 

Continuous Decantation without Filtration.—From the two grinding 
pans, the ground pulp passes to four Wilfley concentrators, the high-grade 
sulphide being here removed, and the tailing from the tables is again 
reground in a third Wheeler pan, identical with the other two. The prod¬ 
uct of this third pan is sent directly into the first of a series of continuous 
thickening tanks, together with the slime from the Deister concentrators* 
In this series of thickeners, there is continuous decantation and thickening 
of pulp, followed by a thinning by means of weaker solutions. Water for 
final washing enters the last thickener and progresses to the first in a direc¬ 
tion contrary to that of the moving pulp. The accompanying flow-sheet 
diagram shows the movement of the pulp and solutions in the thickener 
series, as well as in the rest of the mill. No filter is in use and the final 
thickener is required to discharge the pulp at the maximum possible 
thickness. It will be noted that there are no tanks for agitation of the 
pulp, the operation being practically grinding, concentrating, washing 
and discharging. The operators, however, believe that better results 
could be obtained by using one or two agitation tanks ahead of the thick¬ 
ener series, and such tanks will probably be installed in the near future. 

Zinc dust is used as a precipitant, a feeder of the belt type being 
installed. A precipitate press of the Merrill triangular type having sixteen 
36-in. frames is used to collect the precipitate, which is not acid treated, 
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the work. In practice the thickeners deliver a product which is accep¬ 
table from the point of view of contained moisture. The first of the series 
at the Vulture mill delivers a product containing 31% moisture; the 
second; 43%; the third, 42%; and the fourth and final one, 35% mois¬ 
ture. If necessary, the thickener can deliver a product containing as 
little as 25% moisture on a slime which settles rapidly. It is not too 
much to say that on the same material, the vacuum filter cannot do a 
great deal better than the thickener, considering all points at their real 
value. In the statements that are made here in this connection, reference 
is made solely to the treatment of gold ores of milling grade. Silver ores, 
requiring solution of greater cyanide strength, may be treated by a varia¬ 
tion of the system which will be mentioned in a later article. 

Extremely fine grinding is not required on the Vulture ore to secure 
the economically maximum extraction. Classification stated in the 
accompanying table shows the condition of the pulp undergoing treat¬ 
ment. 


CLASSIFICATION OF SLIME PULP 


+ 80 mesh. 12.0% 

-1-100 mesh. 2.5% 

-1-150 mesh. 23.5% 

-1-200 mesh. 46.5% 

—200 mesh. 45.5% 


Solution is used throughout the mill, usually maintained at about 2.1 
lb. KCN per ton of solution. Lime is added at the mortars in sufiicient 
quantity to maintain an alkaline condition. 

About 1 lb. of KCN is consumed in treatment, 2 lb. of lime and 0.4 
lb. zinc, in the form of zinc dust. Costs, while not at present available for 
publication, are reasonable in view of the adverse conditions already men¬ 
tioned. These Arizona plants are particularly instructive as examples of 
first-class operation under difficulties. 
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